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Féreword concerning the Marknagel : # 


I Callus without fracture 
Doz. Dre med. habil. GERHARD KUENTSCHSR > 


ees II The importance of stimulating the marrow-cavity to the 
4 healing of nailed fractures ve 
‘ | | Doz. Dr. RICHARD MAATZ mS 
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-—“isés*STCS'E., The significance of fat embelism in the marrow nailing 
Be aes methed of KUENTSCHER 
ee Dr. RICHARD MAATZ and 

» HORST REICH 


IV Concerning the course of bone infection and regeneration 
following marrow nailing of simple and compound fractures 
and esteotomies 

Doz. ee RICHARD MAATZ and 
Dr. HORST REICH 


Vv How gteat is the danger of osteomyelitis with marrew 
nailing of compound fractures? . 
Doz. Dr. RICHARD MAATZ and 
Dr. HORST REICH 


if Ae | VI The indication for stabile osteesynthesis (marrow nailing 
ee method of KUENTSCHER) 
Prof. Dr. C. HAEBLER 


VII The restoration of configuration and mechanical relation- 
ship with the marrow eppena,» method of KUENTSCHER . 


a. 


VIII New nail forms for marrow nailing 
Doz. Dr. RBCHARD MAATZ ‘ 
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FOLIO II : een | : ae 
. Xx | The importance of a stabile osteosynthesis to a Boe <a ie 
eessful marrow nailing Be es! 


eet X further experiences with the marrow-nailing-method of 
. — RUENTSOHER 

Doz. Dr. HEINZ GRIESSMANN and 

“Dr. WILHELM SCHUETTEMEYER 
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JST Comparative investigations concerning the course of frac- 


tare healing with the marrow-mail (KUENTSCHER) and with 
plaster casts 


a Dr. HEINZ GRIESSMANi. and 
Dr. HORST REICH 


at ‘The stable dexatinn of fractures na es ae 
a : bots thetr economic significance 
Meet | Prof. ‘Dr. C. pier 
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TO A SUCCESSFUL MARROW NaILINC 
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Priv, Doz, Dr. med, Richard MAATZ, Kiel — 


7 * 


; 


‘Translation prepared by: 


- -U, S, Naval Technical Unit, Tvrope, (led.fcct, 
| /°Offiee of Naval Advisor  -.- | 
Office of Military Government (U.S.) | 


i Ss 4 ‘ 
’ , ‘ 


~ ne ee wre ee wm tm we et ns eet ons semere Be ely IR ER paeS eek eee nm et A a nn a ee re a ne a ee i 
: +i. rahi pe , : x 


o\ 


The success of marrow-nailing d »erds on a Bedi 
osteosythesis" being achieved. Only if the frarrents APG ae 
* firmly connected by the nail can we do without an pas : 
al plaster .cast, Only then can we exnect a ravid bony , Be cNt 
union if good position and only then are we iustified to 
nail even compound fractures, to correct the malvos*’ tion .- 
of older suppurating gun-shot fractures and to treat them 
with the nail, If a stabile union of the frasments is 
not achieved by the nail one may expeet displacement, de- 
lay of union or even non-union of the fragments, Compound 
fractures wil’ show severe sup»uration, and gun-shot frac- 
~ tures nailed in a suppurating state will show arain and 
again a flare up of the infection, 


It may be easy, it may be difficult or even imposs-. 
‘ible to attain a "Stabile osteosynthesis" by means of 
the SUPNTSCHTR nail. In general the result can be fore- 
seen and this alone will have to indicate the treatment 
to be chosen. The suitability of a fracture for treat- 
ment by nailins cannot be judged by the leneth of its f 
‘Shortest frag sent, Several factors are of decisive import- 
ance: Site and shape of the fracture, shape of the me- | 
dullary cavity, the place where the nail is to be intro- 
duced, the shave of the nail and its stability, and, 
finally a possible lack of firmness of the bone may re~ 
ovire most nn Sai that hor oauedagiametn abe . 


Seusiderabile experience is necessary to judge cach 
of these factors, The oe Tikes ere eimphe, os 
have described them 1942 in the " Formschluessivkeit bei ‘ea 
der. Peeters! (yee this collection of translat ions). 


i Moreover I. mene to revort on new forms of Baa te to-, > 
day. They have arisen from the endeavor to incre .se the ~ 
number of Binbile osteosyntheses, For years the nails ( - 
have proven to be efficient. They make & successful ; 
nailing possible even in those cases in which the nails 
_ deseribed by KUFNTSCHFR will fail, I have to refuse the © 
reproach of complicating a "simple Imethod, It is Toh 5 
most important that it is easy to drive in the nail, TRE 
point is to accomplish a successful,nailing, Besides, — . 
rake Spreadin> nails have remained plain and simple and 
reliable in their shape as must be demanded of so large 
a foreign body +22 the marrow cavity. 


ie As Stated by ! <UFNTSCHFR tho marrow “nail should unite 


ett - unites two “pieces of ‘timber. The marrow Bey nhieu ; 
Cee its cross section is elastic, is slightly compressed. when 
driven into the bone. cylinder. Consecuently a considera»le — 
power of friction will arise between the nail and the bony, 
a PROSE favorable conditions are to be found only in ines 


. Dont: when a straight nail Ae used. ETS 1) Under 
hese conditions it does not matter how the fracture is 
d if only at any place one part of the one fragment 
aot pron the other ‘sO that a cisplacocment is Sa le 


eet 
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If larger pieces of bone have broken out the nail then is = 
no longer encircled and supported by the.bone and has to | 
stand for itself against all forces threatenine to bend eee 
it, This will demand a considerable stability of the nail | 
and that is why we can find these most favorable conditions 
only in the thivh wh-re the strong straight nail is intro= | 
duced into the tubular cavity of the bone the eross section 
of. which does not vary. tae 


| “A disturbance of the growth of callus never has been | 
complained of under these conditions, The sometimes re- eae 
markably, trivial formation of callus shown by th roecntgen-= 
ogram is‘due' to the ideal reducticn and to. the absolute - 
_ceaeaca emma of the fragments, 


The aia tabhe beceme much more unfavorable if the : 
crossisection of the medullary cavity is not constant, The | 
ferur teo shows in its upper and lower end a sarxed enlarre 
ment of the cavity,: In its distal end this berins ni Aen 

eee, younecr the individual, If the fractrre is situated x 
between the place where the nail is to be criven in an? thew 
gmallest cross section of the cavity there will be no oreat 

. difficulties, For these cases I have recommended the con vie= 

fe al nail" for subtrochanteric fractures as shown in Ill, 25) 


\ / 


Ailtustration:2 


Conical nail for subtrochanteric 
fractures, 


This nail is made from a steel plate thinner than for the | 
“usual nail. It has a broad surface hearing on the svonviosa 
of the trochanteric area and.is well\ adapted to the narrow- 
ing marrow cavity, Though at this place a delay of union ~ 
S of\e2 ctremely rare occurrence it is still suitable to 

maee, Since ,only this nail is able to prevent the fracture oo 
ge ‘ro tary sip eh and also to avoid an undesirable 


/ 


The conditions are much more unfavorable if the frace 
ture is situated beyond the most narrow >ort of the me- 
dullary cavity. Here the nail becomes a bolt, In tne disayes 
fragment there will never be sufficient friction hetveen the 
nail arid the bone, In general if there is a plain trans= | 
verse fracture (Ill. 3), the fragrents will be rendered pay 
resistent to anrulation bv the great force o* the muscles 
pressing them firmly together, By the nail the fracnents 
are protected from slippine to the side and so the fracture 
Can only be ansulated with as much difficulty as to ae, 
cylinders standing upon each other which are pressed. tozetner 
by great powers, (Ill. 4). * 


~— 
\ 
\ 


BE: 


eee. 4 


ok 


[nee PR Bey 


ME 
Tllustration 3 Illustration 4 
The nail as a. bolt. Cylinders standing upon 


each othr anc pressed 
together are rather re 
sistant atainst. aculations 


But the fracture treated in the ahove manncrr is protected 
against rotary disvlacerent. Therefore I have utilized the 
fact that the cross section of the cavity in the distal part 
has an oval shape and have recommended a double nail, sdread- 
ing at least in one plane, for suitable cases (I1l, 5). 

We have not yet produced an entirely satisfactory spread- 

ing nail for the thigh. We are occupied with further 
experiments, If we have a dentated fracture under oth-rwise 
the same conditions as above (Ill, 6) the osteosynthesis may 
be stabile- because now the fragments are protected. 2*ainst 
rotary displacement by the principle of the cor wheel (Hirth- 
teeth), (I11. 7), 

: The conditions for an oblicue fracture at once are 
considerably more favorable under what are otherwise the 

Same circumstances, The surfaces of the fragments slide 


along each other until nail and bone are firmly fixed, 


The resulting slight shortening in gencral is of no im- 
portance but the fracture is made resistant against bend- 
ing and angulation by means of the nail, Due to the ob- 
tieuity of the line of fracture it is also protected against 
rotary displacement since rotation at the same time means BY 
&@ lengthening of the bone and this would have to act asainst ety 
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of special shape if we want to avoid an insuffic ency om 

the nail with resulting delay of union or even severe male 

position of the fr ecture, fracture ofthe nail has mos 

Siren. occurred: inthe ulna, le have scen Several cases in 
aren the nail was’ bent almost. to a right angle. This 

was associa d with fractures situated near th elbow joint, 

Here it is absolutely necessary to select a nail as strong 


as possible and in adavtation to the shape of the. bone it 


must be con HE Its broader part docs not lie chiefly 
not > chiefly 
in the marrow cavity but in the spongiosa and this is why 
its broad shape is so desirable re igs 11) 


None of the fresh fracturcs of the ulna, cithsr comoouna 

or Simple, which have been-treated with such nail pave 
shown a disturbed growth of line or subscecu nt dis- 
Piaeement of the fragments. But if rant to treat: .2 
pseudarthrosis of the ulna we must usc the marrow sprin 
Prrorottien to the nail, The operative treatment ‘of ‘a 
pseudarthrosis’‘is of ‘yee id associated with a shortening 
of the bone duc to the necessary freshoning of the frag- 
ments, In general the power of the muscles to press both 
fragments arzainst cach othcr is very poor in the arm so 
that. a separation anda sap betwecon the fragments is not 
unusual, Since this is observed more frecucntlv after thx 
operation upon a psecudarthrosis and the formation of callus 


in the forearm no 
between tho fragn 
far too easily, 
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special hook (111, 
vents its intrudi 
the spring 
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remains 


ng suitable for bridging ov« 


ients, as is well known, non-union es occ 
Til, 12 shows one example out of a number, 
scudarthrosis of the ulna 
fter nailing (pseudarthrosis of 
adius was intentionally. permitted 
o persist),-: 
isc of the marrow-spring, the gap »dce 
ts is avoided and the fracture or pseud-= 


spring at - the proximal end is fastened 
he distal jend to the corticalis by a 

tS The eonienat shave, of the nats 
ng more profoundly into the bone so th 
is constantly under’ tension, 


Be Fai Bee ve ora le in © oy o ame MB 


Naat far the wind with 


Illustration l4a 


37040 rthrea 5 
eudarthrosis of the 


~~ 
LR 
She eee TS Ne : 
ulna, Lare plate in 
position 

: +i 


iilustration iAb 


2 ry 
otate after 
the bones wi 


i 
shortening o 


VES ILLES: 


ecsnaer 


) 


° / “ 
During the first days we senerally observe - jamoine of 


the ‘curved nail in the marrow cavity, but all ton ofte 
this will be so unreliable that very so-n the fr cents 
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in a closed fracture will lead to a delay in the develop-= 
ment of callus while in 2 sup>uratine fracture will cause 
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pseudarthrosis is: treated in tales 


. 


&T) ainta a } a rmo 5 Pa na - | = 3 
Delay of the formation of Pseudarthrosis after an 
Callus ih a.closed frac- open fracture nailed. and 


ture of the upper arm which infected, 

has been nailed, Pat, ochw, 4 months after 
Rec. we. .2' months after operation, 

nailing, 


As a result of the forces of weight bearing ‘not acting and 


the tonicity of the muscles being relatively slight, dise 
traction of the fri:ement is more apt. to occur in a frace 
ture of the upper arm than in fractures of the lower limb 
Decause the nail itself may actwin sucGch a way as to interes 
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fere with the clese apposition of 
Y) 2 | 


ing effect caused by the nail may easily occur in the uprer 

arm, since here we have peculiar mechanical conditions, The 

point of the nail may very easily become stuck in the marrow 
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Cavity which\thins out in its d 


ing the frazments against one another are sl Vv 
of the muscles) and mcreover the weirht of the arm acts 
against them, lf once a separation.of the froictire has 
occurred these powers are no longer able to overcome the 


Tllustration 18 Illustration 19 
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Persistins vsevdarthrosis Persisting pvseucd2artnrosis 


2 months after freshening and after naidin Ind wire 
Moca rne. ras. Li su 


friction between the rough inner surface of the bo: 
the necessarily curved nail, if mi 

tonicity of the muscles is much stronger, there is the woieht 
of the body when standings, and the ] 

at the distal end of the tibi: 
venting the point of the nail from running into the rovegn 
interior layer of 

ylaining why we do not observe the blockins effect 
ail in the lower limb.as in the u 
gsinee the. nail must: be elastic slight til 
he fracture with resulting de O 
may occur, 


r -poneunion 
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All these disadvantaves will occu 
more oblicue the line of fracture, 3 i 
is most urgently indicated for the plain transverse froe- 
tere of the upper arm, the reduction: of which : “ 
feinee only with difficulty, we must try to ~(ecrease. one 


4 


above @isadvantarces, If t } £3 “Yt 

succeed most often if we use a very srall Ciareter 1 

Whieh-cean never cause a blocking "effect... If tne patient; 
“ 


Sunvareine the arm ih a sling, ‘complains of. pain in the 


‘ Practure curine the first days after the operation, a 
Belint* in. abduction will sive sufficient acditional stabilivy 


bE h« 

4 } 
with 
is urs 
olace 


loss o 
neo Ey ¥ 


Ww & 
: 
Cage 
— WV L 


fe" 


- © 
a) 


iL 
5 
U Ld 
U TD 
a =) 
» 


ekine ¢ 
neds 
er arm 
. | 
bs . qi r 
1ously 
mation 
© uJ s 
the C3 
f° + 1 Cc 
the 


5 
a 


WW 


As to the formation of callus in general the same is to 
mBeceare. for the ragius as fart T : 

only very seldom succeed in bridging ov-r a loss of 
substance by means of callus, this is hy atter osteos 
tomies and operations upon pseudarthroses the close appo- 
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Se ~2moertantz, In general in. the forearm this will always 
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be achieved sufficiently, by using the spring in t! ulna 

alone, ‘the conditions in the tibia are very peculiar, 

This bone exvands at its uvper and lower end ad | 

real 21st n the middle. The elas Cc ri has’ to be nt 

Juced from the side, 

If the fracture is ituated G: S4 mo "row rt 

; of the marrow cavity areal nailine-c be ac eved 

Olid, 23), But if. a. third fragment gs bro'‘en out 

fracture is Iiable to angulation, | is eas she 

osteosynthesis is no loncer a stabile one, There ll be 

tilting movements in the fracture i tt jelav of Le 

fort ion of cal ige.as a: Pesnit, 
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If the Rete of the tibia is bearines weight the nail 


“of the usucl exterior nail as described by XUMNTSCHER and 


the front near’ the head to facilitate reroval, a srl 


the neil.is finally driven in bv striking on 2: short 
serew driver set into the transverse noteh, -2t the sane 


will bend a-bit and as it does not fill out the marrow ae: 
cavity entirely, the lower fravment will clide past Eat 
the wyoper ons to the front side whilst as soon 2s the 
weicht is taken away the noil will straighten and theo 
fragments” will.move in the opnosite “irection, it 


So it is no wonder that under these unfxrvorable 
mechanical circumstances an insufficiert sta ligrtion of 
the fracture and consequently 2 delay of union is te be 
expected rather frecuently in the lower leg Thet is why 
in the University Hospital, Kiel when usine “the simple — 
double niil for the lower ive (129 cases) we have had to 
treat 50% of the fractures with an additional plaster 
cast, EHRLICH has begun to provide cach nailed fracture 
of the lower leg with a plaster east on principle and 
BOFHL®R refuses to nail the pseudarthrosis of the lower 
leg because of the delay in the formation of callus for 
the same reason, 


That .is why in the lower leg I use spreading nails, 
Such nails must be of plain shape and they must not be 


difficult to introduce, Both conditions are achieved and © 


clinical experience proves their decisive superiority 

so that to-day I treat every fracture of the tibia with 
this nail, Of the 47 fractures treated with this nail , 
only 3 had to have an additional plaster dressing. De- 
lay of union has occurred in no asd ph 


The rotating spread nail(Ill, 27 and, 28) consists 


of an interior nail which is round and solid, apart from — 
two Interal groves for drainage of blood and marrow. It 
is curved in the shape of an\S, has « transverse notch ag 


drilled hole for countertraction when the outer nail 

as belne inserted, and.on its’end . transverse groove 
(like the head of a screw) which makes it »xossible to ro- 

tate the nail round its longitudinal axis while it 36 ie 
beine driven into the bone, 


Ge 


Ur sass ana eearoutigmnmereme = or cae Rotating spread= 
: . i nail for the ti 


At first the inner nail is introduced judiciously 
corresponding to its curving (Ill, 29a) ‘ihen its point 
has passed the most narrow part of the marrow cavity 


time Tototing it through 180°, 


Previously a wire has to be ax through the dma ; 
@ritiea hole which later on is used to prevent the inner ~~ 
nail ‘beine: @riven further into the marrow-room as the 
outer: nail is introduced, 
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Tliustration 30 


Sprerding nail with inelinod plane 
for the tibia +. to: be used, for 
longer oblicue fractures 


i 


When the outer nail is driven in later a momentary — 
appropriate displacement of the fraements may be necessary 
by. lateral traction in order to render the introduction of 
this nail into the distal part of the marrow cavity possi’ 


This nail has a rather ereat elasticity due to this. 
spreading system, It is therefore only suitable for the 
transverse and short oblicue fruictures, 


_ 


‘On the contrary the sprend legs of the spreading nai 
with the inelined plane are nearly inflexible, Therefore 
‘this nail is to be used for longer oblicue fractures and 
‘especially for fractures where picecs of bone have been | 
broken out dema nding a nail of sreat stability (Til, 2018 


\ 


The Spreadins of the two nails is effocted by a 
wedge of steel fastened to the exterior nril > the 
appropriate piace. It is evident thrt this ynair of 
Nails will get ao firm hold in the bone née consecucntly 
will stabilize all fr-ctures which rire not loc-:tce too: 
far distally as the spreading of the>n-il is »vroduced 
only by the counter-pressure of the bone evlindcr, 

Here of course the orter nalloig to be in ntrodueced | 
first and durine the introduction of the interior nate 
appropriate displacement of the fragmonts may be necessa Uni 
lest the second (inner) nail will miss the medullary | 
Cavity of the distal fraement PR 1), 


v Illustration 32 
Introduction of the inner nail with the 
necessary momentary dislocation of the 
fragments, 
Hore too counter- teeeesun prevents the nil introduced 
_ canet: from intruding too far pee the se Hae Se ary cavity. 


ie cross a ah of the marrow-room is Ne same os the 
eross section of both nails toxethr,~- ve 
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i In cases of children the nailing of legs is made only if the 


a 


f This report is about the further experiences on the marrow. |. 
Pratling method by KUENTSCHER made at the surgical clinic of the © 
University of Kiel. These marrow-nailings were done during the 

Period between 1st Jan 1944 and lst May 1946, 


The technic itself will not be ciscussed in this report, oo 
Jexcept that when another technique than usual was used for special . 
Wreasons it will be mentioned in the appropriate placee For all , 

details concerning the general technique we refer to the 
mee cations of KUENTSCHER, MAATZ and FISCHER. 


During this period 155 marrow-nailings were performed. These — 
255 marrowenailings include 49 of the femur, 64 of the leg, 14.0f 
the upper arm, 28 of the forearm (see table 1). Three cases tee 
by MAATZ following a new technique are not included as MAATZ will 
revort on this matter elsewhere. 


Table 1 ae 
, , Arms above, : Pa 
| peaked legs} Thigh an elbow !Forearms | Total ~ 
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urulent infections ' j ‘ ak 
I utente besteshenenietenteateahetenhen eee nana nn ap enn nnn geen nnn e epee mene, 
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I. MARROW-NAILING OF THE LOVTR LEG. 4 rs 


Hisecthor 64 fractures were treated by means of the narrow= 
(of KUENTSCHER. All fractures of the leg are nailed in so far as si 
‘they are suitable for nailing according to the cirections of they ae 
| book of KUENTSCHER and MAATZ. 


fracture cannot be fixed in any other way. The indication in 
‘children is much less frequent because of possible disturbances 
of growth and a greater danger of infections (osteccuyelitisys 


-It is only in a very few cases that great anc lasting — 
/bances of the joints of children have been observed, when the ie 
'splint method was used; thus in these cases the great advantage © 
}of the marrow nailing method is not very important, namely the ~ 
possibility to move the limbs quite early after the “pera Ph 
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One boy was nailed, whc was very strong for 14 years, and. 
se fracture was not cured though several attemnts hac been ma 
another hospital. The remaining cases inclucec een ry 

n 18 | ears old of both, Boxee. Lees 
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All fractures of the leg were nailed as early as possible after 
the arrival of the patient at the clinic. If the nailing could not 
be performed immediately because of shock or severe additional Re 
injuries or on account of nails not being available or for similar 
technical reasons, the patients were at first provided with traction= 
apparatus or wire extension in suitable svlints. If the nailing 
could not " performed for the same reasons in cases of compound 
Phe°bH Rati 6d°rpaotarSe"Ge Bie bey Wer use's VUuBL SMA eee: 

15 compound fractures, 2 pseudarthroses, and 1 late nailing in the 
presence of a purulent infection. 
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a) Simple Fractures. 


| 42 simple fractures of the leg were nailed immediately after © 
) the arrival of the patient at the clinic, 4 at a later time. Two | 

of these last 4 cases vere brought to our clinic not before 8 end 

21 days after the accident. The third patient ras not nailec early © 
_ because of luxation of the tarsus and its fracture, and the fourth — 
) patient because of an additional fracture of the femur and severe ~ | 

collapse. The 46 simple fractures inclvded 29 fractures of the — 
* lower third of the leg, 13 fractures at. the middle, and 4 double 
fracturese 


Simple fractures in the lover leg. 
46 


Site d_ kind of the fracture. 
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i 13 ' 2 ' fractures; ia 
_ transverse oblique i transverse oblique : & a 
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The 46 leg-fractures are indicated in table 2, showing their 
number, location and the kind of fracture. This arrangement is 
' regarded as important to answer the qvestion, whether different 
shapes of nails are absolutely necessary to obtain a stabile 
osteosynthesis in any cases 


This table shows beyond doubt that the double nail regularly 
s to a stabile osteosynthesis in transverse fractures of the 


a 


“a 


In 6 of the 7 fractures in the midéle, stability was obtained. 
In cases of transverse fractures in the lower third treated vith a 
double nail, adequate stability could not be obtained, not even in 
one case. It was always necessary to provide the fracture with an 
additional fixation bandage. It is apparent that the spread nails | 
ean be used to obtain good fixation in transverse fractures in the 
middle of the leg (Ill. 2) 


In cases of oblique fractures in the middle of the leg the 
double nail does not always provide absolute stability, as can be 
learned from the tables. The three transverse fractures of the 
lower third of the tibia treated with spread nails were stable (111.2) 


The oblique fractures of the lower third of the leg, which are 4 
the most Ab 6 Sepia and most difficult to treat, may in some cases DS 
provided with a rigid system of spreading, and when this can be 4 

accomplished it is not necessary to apply additional fixation (I11.4- 


This condition will be obtained most successfully with the ‘G 
spread nail with inclined plane. The turn-spread nail is more of 


a_spring-elastic system, which is sufficient in t_in transverse fra tures 
n the lower third of the leg, as at that place there is little j 


danger that the fracture may be dislocated.All 14 oblique 

_ fractures in the lower third treated with a nail with inclined “a 
_ plane obtained a stabile osteosynthesis in every case, as the table 
shows. Both kinds of spread nails are recommended by MAATZ. The © 
double=- and turn-spread nails failed in one case each of oblique 
fractures in the lover third. We want especially to voint out 


here, that the location of the inclined plane hes to be calculated — 
as well as the diameter of the nail according to the kind of 
fracture, as it is reported by MAATZ. 


In cgse of a_comminuted fracture the middle fragment has_to be 

"strung" as pearls are strung) and usually only a double nail can 

be usede In that way 3 of the 4 comminuted fractures could be 

' nailed and a stabile osteosynthesis be obtained. But even if no 3 

_ stability can be obtained the marrow-nailing method is an advantage — 
‘in these fractures, as no considerable dislocations will occur as: 

in any casée ‘ia 


All these facts hitherto reported prove that the double nail 
e 1 imple transverse fractures in the middle, if 
_ it also is situated at the narrowest part of the marrow cavity, and — 
_that in all other cases the turn-spread nail or the spread~nail with — 
inclined plane has to be used according to the kind of fractures © = 


We are aware that this limitation is a disadvantage in that 

a hospital, willing to perform the marrow-nailings according to “ 
these proven points of view, has to have in stock not ont | 

spread-nails of different sizes, but among the spread-nails those 

with inclined plane as well, and which have the inclined plane : 

_ attached at different locations. Generally it is sufficient to use © 

nails with the inclined plane fixed on them at distances of 5 cms, | 

6 cms, or 7 cms from the tip of the nail. oe 


1 But we regard even the simple nailing with the double nail 
as having considerable advantages over other methods of treatment: 
1. because of the impossibility of any great dislocation cccurring, — 


and 2. because of the short_time during which an additional nlast 
‘ eens. hea be necessary. It would be a mistake to fail to provi 
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osteosynthesis, as harmful forces could have an influence on the i 
healing of the bone. Whenever possible ve try to obtain a stabile | 
osteosynthesis, not only because of the advantage that we do not need 
additional bandages so that the adjacent joints can move freely, but 
especially because only the force pressing the fragments together 
which is favorable for callus formation ean act and not the forces 
tending to cause lateraldislocation which delay the callus formation, — 
The difference in the callus formation between fractures which were 
nailed and those which were treated only with plaster bandages, | 
was shown in animal experiments by GRIESSMANN and REICH, i 


The general principles have not changed in the mar? ow-nailing , 
of leg fractures. -The nailing is performed in the BOFHLFR screw 
traction apparatus, starting at a small incision placed above the ; 
tuberositas tiblae. For the most part a reposition was obtained ~~ 
by the suspension in the apparatus thus making it only necessary ; 
to resort tO manual assistance in some cases and avoiding the a 
necessity of using traction. 10 - 15 minutes were generally . ¥ 
sufficient for the operation. . i 


i the ge 4g cavity is so narrow at the so-called waisteline 
{fail e) tha e nail cannot pass this places and if the fracture 
S agers. a stally fro fre nerroy place ait gilt algo, be possible — 
#2 peer Mie or bpetation eo marrow Hail® aS only Fo be Gn Prone fe: 
into the marrow cavity as far as the narrow place. For this reason 
we have twice inserted the nail from the inner side of the ankle 
bone, which was accomplished without difficulty. All cases were 
sufficiently narcotized with Evipan except 2 which were treeted 
with lumbar anaesthesia and 2 with ether-narcosis. 


The healing of the wound at the place, where the nail is driven ~ 
in was in simple fractures per priman except in 2 cases. 1 case, me 
which healed secondarily will be discussed among the complicated 
casese The other was transferred to another hospital immediately | 
after the nailing, so no details are available. In cases of simple 
fractures the time of first weight bearing will usually be detere 
mined by the additional injuries, If stability was obtained the 
_ patients were advised to start exercising the whole leg the very 
first day after the operation. When the healing of the wound was 
complete, no large haematoma nor any additional fractures being ae 
present elsewhere, we allowed the patients to be ambulatory. Under 
the most favorable circumstances the fracture could bear weight ee 
‘after 5 days. Our table shows an average time of 24 days of 
confinement to bed fcr all cases of nailed simple fractures of 
the leg, before the leg isfirst exposed to weight and strain 


where the cases treated with the spread nail were exposed to. 
Meet eht after 22 days and these treated with the foublenatt after 


26 days. During the period covered by this revort re hed to transfer 
almost all the patients to auxiliary hospitals in the vicinity of 
Kiel a short time after the nailing, and we got to see them very late 
again because of difficulties of transportation and other circume 4 
stances of the war. Thus the statistics show 4 cases with confino- — 
ment to bed for 81, 48 in 2 cases and 40 days, without any reason — 
being given for this unusual rsa a of time. The statistics under 
normal circumstances will probably be more favorable. 12 cases of 
simple fracture were of necessity provided with additional support, ~ 
10 of them because of an unstable osteosynthesis, 2 of them because © 
of an additional fracture of the ankle bone, a 


If a plaster bandage was applied because of an unstable osteo- 
ynthesis, it was generally sufficient to bandage the Leg for three 
eks. We will report separately on cases which had to be provided © 
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with additional plaster bandage for a longer time because of 
delayed callus formation. 


The average time the patient had to remain in the hospital = 
that is in our clinic and in auxiliary hospitals - was 34 days for. 
simple fractures. But 1 case of most severe arthrosis of both ankle 
and knee-joints with 120 days, and 2 cases of delayed callus format= ~ 
ion and secondary healing with 120 and 150 days, have a very dis- A 
advantageous influence on the statistics. Except in these special 
3 cases the average time of hospitalization is shortened to 29 dayse 
The average time in our clinic was 10 days for all simple fractures, 
At the time of the transfer from our clinic to other hospitals most ~ 
of the patients could have been sent home to be treated ambulantly — 
for the remaining time, but that was not possible because of the 
frequent air raids and the difficulties resulting from them, 


The situation during war-time made it impossible to examine Uy 
half of the patients after their recovery, thus not allowing us ~ 
to give exact statistics about the time when the patients were 
able to work again. Of 22 cases concerning which we received 
information, 21 cases were reported to have started work again. et 
In 1 case only that of an elderly (60 yeers) female patient with i 
serious arthrosis deformans, the contrary was learned. These 21 " 
patients, among whom were some with delayed callus formation, were 
‘able to resume work again within an average time of 3 months after a 
their discharge from the clinic. ae 


The decrease of the capability of earning average wages was, 
among the observed cases, between 10 and 30 per cent, and even this 
only for a period of $ to 1 year. Only 1 patient with secondary ea 
healing and later resection of the fibula, (this case will be dise 
cussed here under "nail mishapes") was after 15 months stated to 
be unable to perform reguler work for an additional period of 6 % 
months with a decrease of 40 per cent of earning capacity. x 


f 
The nail was usually not removed earlier than 3:months after a 
the operation, even when the X-ray showed good callus formation. a 
Only one nail, which was driven in from inside of the ankle bone, | 
had to be ranoved (after 9 weeks) because of beginning disturbance 
of joint movement. But this time the fracture showed bony consolida=— 
tion by clinical and X-ray examination. For the removal of the 
nail the patients were kept at the clinic for 3 or 4 cays Or, 
in many cases, the patient continued ambulatory. Complications 
Occurred in only 3 cases. In 2 patients the nail was inserted 
so far proximally and was driven into the bone mess quite deep, 
go that the bone had to be forced open with a chisel. This 
procedure resulted in an effusion in the knee joint. In the 
third case the wound healed by secondary intention and 14 days 
‘later an abscess developed at the site of the fracture. The 
fracture itself was completed beny- All 3 patients eould be — 
discharged as cured. 


The cases of 22 of the 42 patients with simple‘ fractures. 
fcould be followed up and 18 of them had no further troubles, a 
nor did they show any pathologic symptoms. 1 of the other four ) By. 
cases was the previously mentioned patient with arthrosis deformans. 
‘The second case was a 65 year old male patient, whose oblique ae 
fracture in the lower third was treated with a double nail and was 

not stable. In addition he had a fracture of the ankle-bone. mS 
the had to be treated for a considerable time in bed with a ca ie 
e of an internal rotation defect. An exemination after “1b yeer 
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disclosed pain at the place of fracture, objective swelling of the 
soft parts end muscle atrophy of 2% ems, althouch the frecture 
showed bony healing. 


The different pains of the third patient were not due to the | 
nailing (varices at both sides). 


The fourth, a female patient, was treated for oblique fracture 
of the lower third of the leg by means of the spread-nail with 
inclined plane. Stabile osteosynthesis could be obtained. At the © 
same time she suffered from a fracture at the ankle-bone which 
required an additional plaster cast. At the vost-operative 
examination, 5 months after the accident, we found unimportant _ : 
circulatory disturbances and a healed fracture. 4 


We wish especially to remark that none of the 22 patients a 
examined post-operatively showed any limitation of motion of the 
concerned joints, and in one case only was there a measurable. 
muscle-atrophy. Except in the two cases mentioned no abnormal 
edema of soft parts or other disturbances of the circulation were 
found. 


Three cases with a delay of callus formation had occurred, 
requiring a resection of the fibula. One of these patients had an 
oblique fracture of the middle of the tibia treated with a double 
nail, which was not stabile. The other two cases had oblique frac= 
tures in the lower third provided with a turn-spreed nail and were ; 
clinically considered stabile. In spite of thet finding a delay S 
of the bone-healing occurred, thus indicating that no absolute 
stability was obtained and minor disadventageous forces could 
work. These facts prove our statement previously made, that 
Oblique fractures in the lower third heve to be provided with a 
rigid spread-system, that is the spread-nail with inclined »Dlanee 


‘ A resection of the fibula was undertaken after 8 or 12 veeks, 
‘if no callus formation could be detected. Only the frectures | 
(treated with a double nail reauired the use of an ambulatory cast ; 
after the resection. All three fractures showed a bony union in no © 
longer than 8 weeks after the resection. The blocking effect of the © 
fibula does not occur in fractures of the tibia alone, which case 
the fibula causes a blocking effect in every case but it may 
Occur also, if the fibula was broken too, as was the situation in 
ibaa cases, because the fibula healed more guickly than the 
tib ae 


(i We are sorry to have to record 2 cases of deeth among the 
46 patients. One of these cases was that of a 57 year old man 
who had, in addition to a simple fracture of the left leg, a 
‘compound tuxation on fracture of the right ankle-joint, superficial 
‘injuries of the skin on both knees, and lacerations of the scalp, 
Pas well as a fracture of the left patella. At first the fracture 
of the tibia was provided with a marrow-nail in the typical 
‘Manner, and the wounds on the other ankle-joint end the skull were 
treated primarily. After 8 days, the wound at the place where the 
‘nail was inserted being healed primarily, the patella was sewed with © 
‘wire. After 8 more days an infection arose in the region of the righ? 
Fankle-joint with the formation of a joint-empyema and a phlegmon 
of the calf. 3 days after the joint-empyema was opened and the fe 
pbhlegmon was incised the operation-vound of the left leg started 
0 discharge pus associated with an empyema of the knee-joint ii 
ch also had to be cpened. Amputation was consicered beceuse cf 
e great suppuration of pus in the area of the luxetion-frecturey 


aL ae 


‘but the general condition did not allow the intervention. The 
patient died 5 weeks after the accident. No relation of the 
arrow nailing of the leg with the death could be detected because 
of the severe complicated infections in other parts of the body 
in addition to the place where the nail was inserted. 


The second case was that of a 81 year old patient, who hed a 
fracture of both thigh and leg on the right side with a commotio 
cerebri. We intended not to perform the marrow-nailing on 
account of his age and the very weak general condition of the a 
patient, and placed a wire-extension on calcaneus and femur. The Mi 
patient was very excited and left the bed with splints and 
extensione We decided to nail after 5 days. 4 days after the 
nailing the patient died. The autopsy showed: vast confluent 
broncho=pneumonia of both lungs, thrombosis of the vena femoralis, 
embolus of a great branch of the right pulmenary artery, lung- 
infarct with infarct-pneumonia, fibrinous pleuritis, moderate fat~ 
embolism of the lungs, and vast arteriosclerosis of the aorta, the 
coronary arteries, and vessels of the extremities. The reason for 4 
death of this 81 year old patient was definitely the pneumonia, 
embolism, and infarct-pneumonia, The medium er one fat-embolism 

is not an unusual association with 2 fractures of tube-bonese 
even must be conceded that every marrow-nailing causes an additional © 
release of fat into the free flowing blood-stream, but this does | 
not do any harm, as has been clinically proven by several hundred 
eases. See the publications of MAATZ for further consideration 
of this subject. 


Out of the 46 simple fractures 4 comminutec fractures dill 
have to be discussed. | 


All these four fractures were located in the unper or midcle 
third. Three of the fractures were provided with a double nail, 1 
with a nail with inclined plane (I11. 5). 


Table 2 shows that in one case only stability could not be > 
obtained. No disturbances of the wound healing occurred. The 


fractures were put under weight and strain after an average of 6. ae 
‘weeks. In 2 cases a delay of callus formation was distinctly seene 
All these 4 double fractures were provided with a plaster cast for jae 
‘security for the first period of the leg being used. As a matter \ @ 
of routine exercise of the leg was started very early after the a 
operation, when still in bed. 


; Two double fractures healed with bony union after 6 and 7 weeks — 
(711. 6), but in two cases, among them the one that was not stabile. © 
_the fibula had to be resected on account of delayed callus ‘ 
formation and blocking by the healed fibula. The fracture was 
cured also in these 2 cases after 4 more weeks. We had the chance 
_ to examine 3 of these cases at a later time and detected in only 
' one case a shortening of 1 cm and a limitation of the bending of the © 
 knee-joint to 90°. All 3 patients could unrestrictedly perform — 
_ their regular work, without any decrease of the ability to earn 
their ordinary wagese The fourth case hed to be discussed 


especially later among "nailing-mishapes". 


b) Compound Fractures of the lower lege 


The 64 marrowenailed fractures of the leg included 15 compount 
fractures. 12 of them were nailed immediately efter admission to 


ur clinic following the care for the complicating injuries; the 
ther 3 at later time. 


Compound fractures in the lover leg 


1S 
Site and kind of the fracture 
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Legend: -# stabile 
@ not stabile 


Table 3 shows again the location and kind of fracture as well 


ik 


as the kind of nail used for the different fractures. The transverse 


fractures in the middle could be stabilized with a double nail 
except for one case; but the fractures in the lover third and the 
One case of a double-fracture could be put in stabile osteosynthesis 
in all cases with a spread-enail. 


Tre wounds at the place where the nail was inserted as vell as — 


the compounding wounds healed per priman in 7 casese In 6 cases 
the wound at the fracture site became infected. In 2 more cases 
the wound at the place where the nail was inserted was infected 
too. However, in one case the wounds were so extensive thet it 
was possible only with great difficulty to cover the weund by 
using incisions to relax the skin around the wound. In the second 
Case the wound was located in an old scar-area which rendered it 
impossible to treat the wound primarily. All cases could be cured 
without difficulties by means of opening the vwrunds and smell 
counter-incisions, thus preventing any bone-inflammation, exceot 
in one patient who died and whose case will be renorted on at the 


end of our publication. In only 4 cases was it necessary to currette © 


the fistula which developed efter approx. 6 weeks at the fracture 
site due to small sequestra.e The fractures which did not show 
disturbances of the healing of the wound could be ambulatory after 


‘cases it was possible for the patient to be ambulatory according to 
the severity of the infection. But even in these it was necessary 
in only one case to provide the patient with a plaster cast for 

walking during 4 weeks. ‘The average time of hospitalization was not 
longer than for the simple fractures. Only one compound fracture | 
ch could not be stabilized with a simple nail, and in which an 
ot disturbance of the wound healing it anh eae had to be 


approxe 4 weeks without an additional plaster caste In all the other © 
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Wreated in bed for 9 months because of fistula formation and blocking 
Yof the fibula. The average time of hospitalization is longer than 
Wwith simple fractures only in cases with errnren callus formation 
Yand severe wound infection. 


Because of a delayed healing of the bone fracture in 3 cases, 
the rapidly healing and blocking fibula required resection. The 
Wnail was not removed earlier than 3 months after the operation. ‘ 
WAs a matter of course the nail had to remain in the bone considerably — 
Wlonger in cases of fractures with delayed healing. It must be 
Bpointed out, however, that it will not give as good results to leave 
Wthe nail alone if the stability is not satisfactory as if the nail 
Wis removed and the operation repeated so that a satisfactory 
stability is achieved. The patients with the ordinary compound 
fractures (except those vith chronic infections and delayed healing 
Jof the pesmi were able to start to work again after the same 
Ytime as patients with simple fractures. 


Two of the 15 compound fractures are still under our care, 7 of 
them were examined later and none of them showed any disturbances of © 
Wthe free motion of the joints edjacent to the fractures 


From the fatal cases the first was that of a 45 year old female 
patient, who was treated, as recently mentioned, with incisions 
to remove the tension of a wound 21 ems long. But an infection of 
the wound occurred anyway. After 3 weeks of feeling rather well 
without temperature, but with a suppurating wound, the vatient 
died due to a lung-embolism. ; 


The second case wes that of a 44 year old patient, who was in, 
delivered to the clinic in severe shock with an injury due to a 
bomb-raid. He was treated at first vith a wire extension in the 
Calcaneus. After 14 days the patient had recovered rather well, 
the temperature varied between 37 and 38°C during the first days, 
but later decreased to the normal level. The wound of the calf 
showed some necrotic arease We regarded the patient as eble to 
stand the marrow-nailing because of his fever-free conditicn and 
undertook the operation 14 days efter he was celivered to the clinics 

i 

The operation itself was easily completed in a few minutes. 4 
Immediately after the nailing a severe collapse of the circulation 
Occurred. 48 hours after the operation the patient died. We are 
sorry not to have been able to undertake the autopsy due te the ‘ 
Conditions of the war. After all we want to remark that the nailing ~ 
of this patient shovld have been postponed to a later time withovt 
concern about the position of the fracture. 


a te 
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One of the compound double-fractures of the leg was provided : 
with a spread=nail with inclined plane. Though fractures like tha% Me 
“in the midele or lower third of the leg are stabilized in the distal — 

§ fragment by using a spread-nail without harmful effects, fractures | 
of the upper third may show some pushing and transverse forces due > 4 
to the width of the marrow-cavity of the leg at this place, as the a 
§ marrow-nail cannot have the same width as the marrow-cavity. In. 
) this way the distal fracture healed in this case very quickly, but th 
proximal fracture showed a delay of the healing of the bone, and ie 
Tor this reason a resection of the fibula was necessary. It is 
an in in those double fractures, to drive an additional short Ms 
ail into the proximal fracture, which nail fills the marrow=cavity, iW 
and stability may be obtained that way. Ag 


ia RO a 
c) Forms of callus. 


In his dissertation for the doctor-degree ALSLEV has 

examined more than 100 cases end all different kind of KUENTSCHER-= 
nailings at our clinic. He found that several kindscf callus- 
formations may be observed: 


1. cloud-callus, 

e,. trivial callus in the case of ideal reposition and quick healings 
3. favored callus-formation on one side, 

4. extensive periosteal reaction. 


We understand a cloud-callus to be a plentiful callus-formation 
but one which appears weak in the X-ray picture, which begins to. Domi 
mafter a very short time (I11. 7). It is extended far more than the 
‘callus ordinarily need to bee This kind of calluseformation is ; 
‘found in fractures which have not been nailed only in those eases 
where several small fragments occur. This kind of callus cecurs 

in nailed fractures even in cases without the presence of a number 

of fragments, but only in the femur. Also ALSLEV observed the 
‘cloud-callus only in fractures of the femur. No cloud-callus was 

ever detected in X-ray pictures of the nailed fractures of the 

‘lower lege 


The second form, the trivial callus-formation with ideal repo= 
sition and quick healing, is found, for the most part, in nailed 
‘fractures of the lower leg (Ill. 8}, Checking 43 nailed fractures 
of the lower leg we found this kind of callus formation 35 times. 
‘Only 43 Xeray pictures could be inVestigated in this regard as all 
the other pictures have been lost on account of war eventSe 


The very trivial callus formation is observed in all patients ~ 
with quick bony healing of the fracture, when a real ideal location 
of the fragments and a stabile osteosynthesis was obtained by the 
“Marrow=nailing. 39 of the 43 X-ray control pictures showed an ie. 
vanatomically ideal position. 35 of these 39 patients showed trivial — 
|} callus formations, but 4 patients showed a periosteal reection iss 
extending far beyond the fracture, two of these 4 patients having. 

been provided with a double nail, and 2 with a spread-nail (Ill. De 


i This widely extended periosteal reaction was suprosed by 
KUENTSCHER to be caused by the mechanical and also chemical abies 
of the marrow-nail (Callus without Fracture, KUENTSCHER). We believ: 
today, thet this reaction occurs only in youth, as MAATZ has also 
reported at the German Congress of Surgeons in 1944, This fact i3 
possibly related to the circumstance that the elastic periosteal 
‘layer is lifted from the bone for a wide extent by the fracture-~ : 
mechanisme The cases mentioned by ALSLEV are those of youths in the | 
Mage group of 7 to 20 years. Also our 4 cases were of patients in , 
their youth, namely 17th, 17th, 19th, and 20th year. ; 


‘ The favored callus formation at one place is observed in e 
pfractures, of which the fragments did not have axial position (T1110. 


We know that callus formation depends to a rather great extent 
/'On mechanical rules, and there is no doubt that forces pressing the 
‘fragments together act favorably to callus formation, but continuous 
‘distraction retards it. Thus, we find in an angulated fracture a 
stronger formation of callus on the coneave side, viz. the place of 
atest pressure, in comparison with a veak callus formation on the 
vex sides. After the healingof the fracture two patients had a 
s-position and one patient a Fhe hyetdodia sat of the love® logs” 
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on the concave side. 


ad) Pseudarthroses. 


. The first of the two cases of pseudarthrosis of the lover leg 
treated by nail owas that of a 20 year old man with amvutation o 
the left femur and pseudarthrosis in the lower third of the right 

Blower leg (Ill. 11). The distal fragment was completely dislocate 
to the rear and a filthy wound’ the size of the palm of the hand 1. 
over the proximal fragment. The injury occurred 1} years beforee 
After the excision of the ulcer both ends of the fracture were | 
freshened (the surface cut or curretted away to form the same con= 
ditions as after a fresh fracture), and the fracture was then_ 
provided with an especially strong spread-nail with inclined pie 
On account of the width of the marrow cavity (T3315 22) 


Ordinarily we prefer the oblique freshening (GUENTZ) so as to x 

create larger planes of contacte In that case the pseudarthrosis was 

located too close to the joint, and we had to perform a transve 

freshening as otherwise it would not have been possible to use 
marrow-nail. As might be expected an infection occurred, some - 

bone splinters separated and the suppuration of pus caused a 

Joose fit of the nail. Thus it was necessary to apply an additio: 
plaster caste The patient is still under our care, but he is alr 
able to walk without the plaster cast with an orthopedic shoe and 
orthopedic splints. After the complete fixation of the fragbure 

mo acditional splinting will be necessary. The advantage of the 
marrow=-nailing in that case was the prevention of greater disloca 


than’ the healing peta and it was possible to use the leg ea 
han it would have been when treated some other way. 


: The second case is that of a 25 year old girl with a pséud 
throsis in the lower third. In this case we could perform the 
Oblique freshening, the fracture was fixed with a double nail, 
osteosynthesis was obtained, and no additional fixation was nec 
(I11. 13). The wound was not closed after the operation and ve 
left it to heal per granulationem. After 6 weeks the wound had 
Closed sufficiently so that the patient was able tro use the leg 
ind to walk without a cane after a short time. 


! e) Late nailing in the presence of purulent infections. 


We will report on the only case of late nailing in the prese™ 
infection at the end of our article. 


| f) Complications of the nailing. 


Ne One patient had a transverse fractese in the over third o 
tibia and was supposed to be treated with a turnspread nails; but ti 
elastic round part of the nail bent, when turned around for 180° 4 
Breesery: like a serpentine (see in the technic; KUENTSCHEP and 
MAATZ), so that its effect as a spread nail was not obtained. | 
fore the turn-spread nail was replaced by a double nail. 


@ In a second case ea normal strong turn-spread nail was to b 
mserted. It occurred that, at a relatively narrow point but n 
00 narrow marrow-cavity, when the second nail was driven in, b 
ils blocked in such a way that the nails could not be ériven i 
* further nor pulled out again, thus the second ere which st 
ir in 4 ens farther had tc rod 
ive the nail 
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happened to bend and the surfaces did not come together (I11. 14). 
After 2 months both nails were removed with great difficulty and 
replaced by a simple thin nail, as no callus had formed because of 
the distraction. 


In a third case, with a refracture occurring 3 weeks after the 
marrow nail was removed, due to another accident, a too strong nail 
was choosen by mistake, which could neither be criven past the site 
of fracture nor pulled out again. Also this nail had to be cut off 
at the entry of the nail. Both these cases show distinctly, that 
the cirections of KUENTSCHER and MAATZ must be considered carefully 
and in case of doubt, a smaller nail should be preferred to an . 
attempt to drive in the nail by force if it is blocked. Furthermor 
care must be taken that, if ever the nail starts to block, it has — 
to be drawn out again in time. Tf the nail can not be driven in b 
ordinary hammer-strokes for a distance of approxe 2 cms at every | 
‘stroke, and if a changed sound occurs, it is advised to pull the 4 
‘nail out at once. It must always be cautioned to never drive the ~ 
nail in with great force under any circumstances. If the nail has 
blocked after being driven in by great force, it tekes hours of ~ 
troublesome difficult work to get the nail out again, by any means 
(block-and-pulley etc.). Those »ttempts are needless and in eddit 
‘the operation is lengthened considerably. Therefore the correct 
‘nail has to be carefully chosen, so that the nail goes in smoothly 
‘and with the correct sound, to prevent such situations. If blocking 
ever occurs, it is advised to cut or sev the nail off ene to 
terminate the operation as soon as vossible. 


g) Recapitulation. 


“This view of simple and compound fractures of the lower leg 
shows, that the shape of the nail has to match the kind of fra crue : 
“to obtain a stabile osteosynthesis. For this reason the dcuble F 
a which were generally used in the beginning are only to be 
sed in scme single exceptional cases. The use of the different — 
“spread-nails is recommended. Only if a‘stabile csteosynthesis ia 
“Obtained, is no additional fixation necessary. An ideal reposition 
as obtained in most of the treated fractures; the result§ are ae 
anatomically and functionally excellent. Almost always within 3 
Months after release from the hospital the patients were able to Ww 
again. It was only in scme few cases necessary to give a pension. ‘ 
o the patient for a limited time. No pseudarthrosis has been ob- 
“served. In some cases the blocking fibula had to be resected due 
to delayed healing of the fracture. The average time of hospitaliz, 
The nailing of fractures of the lower leg has ~ 


“the possibility to move the joints and train the muscles very early 
Only by this method of treatment is it possible to use the leg 
early, the healing usually progresses quickly, without muscle-atre> 
or stiffening the joints. The sources of danger anc cases of de 

at the nailing will be discussed later. The operation is, with 
exceptions, very easily and quickly performed, in a few minutes. 


: 


MART OWeNATLING OF THE FEMUR. 


| _ During the period cf this report, 49 fractures of the femur 
nailed, 35 of them were simple fractures, 7 compound frectures, 4° 
F astases or bone-tumors, 2 osteotomies, and 1 late nailing in tk 
ence of infection. Patients of beth sexes and of the ages g 
0, 70 years were nailed. Every fracture of the femur was n 
bel the nailing was not recommended because of the kind of 
> to the joint or reaching in the joint) or to oth 
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additional complicating injuries or ciseases, in cases of adults, 

In cases of children we only decicec to nail if no other method of 
treatment (SCHEEDE's vertical suspension, extension, or vlasterecast 
treatment) could bring about a satisfactory fixation (111.15,16,17). 


As a satisfactory reposition can generally be obtained without 
great ‘difficulty in juvenile fractures, minor faults of fixation 
regulate themselves later on, and no restriction of movement of the 
joints has been observed. Thus the many advantages of the marrow~ 
nailing method can be considered not so important in the case of a 
children. If an infeétion occurs in a compound fracture this will 
stay restricted to the place of the fracture in the case of adults, 
but in the children a true osteomyelitis may develop. This is one 
more reason to be cautious about the nailing of femur fractures er 
of children. 


Whenever possible the nailing was performed immediately after 
the celivery of the patient into the hospital. The immediate nail: 
was not undertaken if it was a case of a shock, or one of extensive 
injuries of soft parts (because of the threat of fat-embolism). ae 
If the nailing ecculd not be performed immediately, for cne or the ~ 
other reason, a wire extension was applied to prevent any shortening — 
of muscles and thus making difficulties at a later repositioning. i 
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The technic formerly used at our clinic is still performede 
We regard it necessary to point again to the fact, that the choice ~ 
of the nail has to be made very carefully, and that in ecese of doub 
Ait is better to take the thinner nail than the thicker one. The © 
choice of the correct thickness of the nail is not possible if only — 
@ partial Xray picture of the femur was made$ To determine the : 
width of the marrow-cavity X-rays of the entire femur have tc be 
made from two planes. As the repositioning may cause considerable 
difficulty in persons with strong muscles, far more than with the 
other long bones, a suitable repositioning device has to be avail- 
able as well as the facilities to apply traction in every cirection 
The use of traction or of a repositioning device may, as it cecurre 
‘to us, do considerable harm to the surrounding soft parts. Thus_ 
we observed earlier in a juvenile patient with a frecture cf the © 
femur a twisting off of the elastic periosteal coat for almost 
“the entire extent of the femur. A good possibility for directing — 
the proximal piece can be obtained if a marrow-nail is inserted in 
ore the reposition i rformed.e By this procedure we have 
not needed any repositioning device recently. 


.. For more details we refer to the book of KUENTSCHER and MAATZ.¢ 


a) Simple fractures of the femur. 


2 Of the 35 cases of simple fractures, 2 were patients with 
fractures on both sides, 32 fractures were in the middle and upper 
third, 3 in the lower third. A stabile osteosynthesis was obtained 
in 27 casese Two of the fractures, which were not stabile, were 
located in the lower third, where no stability was expected anyhow 
‘On account of the width of the marrow-cavity at this placee Three 
“more cases were not expected to be stabilized on account of extensi 
“conminuted fractures or large pieces of the corticalis having been 
_ broken out. In three of the unstable cases the leg was only placed 
‘On a BRAUN splint for some time. In three other cases, which might 
Beye shortened in spite of the na? ae was necessary to attach an 

ditional wire-extension (Ill. L9 In ene case no sta ‘bility. 
3 Obtained on account of the choice of a nail which was toc eth 
e oe, the distal fragment to rotate. teu ty 


ce ae 


Disturbances of healing at the place where the nail was inserteams 
occurred in only 2 cases: lst in the patient with the fracture on © 
both sides; the infection was minor; 2nd, another patient with 

extensive infection end shes toate exitus. This case will especially 
be reported on. 


The marrow-nailing cperations in children were mace under ether 
narcosis. 2/3 of the adults received Evipan narcosis and the Test | 
lumbar anaesthesia. 


In 2 cases fractures of the femur of children, which were nov 
suitable for nailing at first on acecunt of a fragment sticking in 
the fracture cleft, had to be nailed and the reposition performed 3 
after the fracture was laid open. The healing of wound and bone was ~ 
completed without complications. The fractures of these chilcren © 
eeartred nailing, as they could not be corrected by extension-treat-_ 
mente 
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Patients with stabile osteosynthesis and without infection may 
use their leg on an average in 24 days after the operation; the 
shortest case was 7 days, the longest 42 cays. If no stability 
was obtained it took 8-12 weeks (everage 70 days). The only 3 
patient with infection was eble te use the leg 84 days after the 
operation (Table 4). 
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:. We were only able to follow up the cases of those persons une. 
@did not work at all or youths, therefore we can not give any 
‘facts as to when the patients were able to startwork again. But 
Mall the examined persons vere free of any disturbances after an 
average time of 35 months. No limitation of the movement of the © 
) joints or muscle atrophy was found of a degree worth mentioning, 
after the discharge from treatment. 
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i As can be seen in Sable 4 the average time of hospitald zeesen a 
yas 40 days in cases of simple frectures of the femur which were 
®stabilized. The average time for the fractures which were net 
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stabilized, including the only case vith infection, was’ 120 days,’ 
Aste aie 

| Sa 
The nails vere removed in the early cases 4 months aftcr the Laie 
ation. Seme patients did not have the nail removed after more me 
reer, One patient even aftcr more than 2 years, without any 
paneer will 2 on emamine +1008 of the bloo@ 9 “ia 


o ae 


picture of nailed patients. For the most part the patients returned — 
to the clinic for 4 or 6 days to get the nail removed. If there 
were favorable conditions at the patients home it was possible to 
remove the nail anc allow the patient to go home, 


We are sorry to have to report one fatal case in several 4 
hundred with the nail removed. It was the case of a patient with ~ 
fractures of both femurs, which hac healed well both functionally te 
and anatomically. When the nails were to be removed after "nore ae 
than a year a very difficult situation occurred on one side becausi: — 
of the very deep insertion of the nail. The trochanter major had 
to be opened with a chisel to facilitate the extraction. An a 
“infection of the round occurred with an empyema of the hip-joint, | 
which had to be opened, and a phlegmon of the thigh developeds 


followed by a sepsis, which was the cause of the patient's ceeth, 


b) Fatal casese 


A 2 year old patient, delivered at the clinic with a commotic 
cerebri, fractures of the femur and the radius, was nailec under 
‘Evipan narcosis 4 days after he came to the hospital. The operatic: 
Was completed without complications. Failure of circulation occurs: 
and the patient died 2 days post-operative. | 


Another patient with commptio cerebri, fractures of the femu: ey 
and vertebrae, was nailed 8 days after his "admission to the hespitel 
Also’ this operation was completed without complications. This 
‘patient too died a few days after the operaticn owing to falls 
of circulation. 


These cases indicate that a patient with a commotic must not be 
Mailed, even if the commotio is subjectively end objectively not 
Causing any trouble at the time of operation, or even if the conmots 
as in our two cases, was only of slight cegree. 


In a' thire patient it was the case of a compound frecture of th 
fread of the tibia in addition te a fracture of the femur of the oth 
‘lege An empyema occurred at the knee-joint of the leg which vas not 
Mailed, and a general sepsis developed. This patient died after. — 
3 weeks. Death in this-case certainly was not caused by the nailing 


The nailing of the simple fracture cf the femur of a 54 year 
'O0ld patient was undertaken. The operation itself did not lead to 
‘any complications. The fracture was located in the lower third 
and a stabile osteosynthesis was not obtained. Therefore the thigh 
ad to be placed on a BRAUN splint. Because of air raic defense ‘ 
the patient had to be transferred to an auxiliary hospital, 80 kms — 
distant, one day after the operation. 10 days later an erysipelas _ 
“Occurred at the place where the nail was inserted, the secondarily 
healing wound was opened wide. It was not possi bie to bring the 
bDatient back to our clinic until one month after that event, when — 
abscesses of the thigh were opened immediately. The patient aiee 
‘few days after this. We are certain that in this case ceath won’ 
not have occurred, if it had been possible to control the patient | 
daily at our clinic. 


’ 


c Compound fr ctures of the femur. 


d not-show any difference in the process of healing, period of 
talization, and time of the first use of the leg, in eomparison 


he figures for the simple fractures. rhe wounds healed Der 


ow Ge ae 


priman.e One patient was nailed immediately after he was delivered fs 
at the clinic, 3 patients had to wait until the wound had healed. ae 


In 3 of the 7 patients a stabile osteosynthesis was obtainede 
One patient with a gun-shot fracture of the femur, could not be © a 
stabilized. He was provided with an additional wire extension and 
the fracture healed with 3 ems shortening (I11l. 20, 21). ae 


The 5th patient, with the fracture in the lower third of the 

femur, had a complicating wound close above the patellae AS nO  } — 

stability was obtained on account of the location of the fracture, 

"a ptaster cast of the pelvis was applied for 3 weeks, during which 

time the wound healed, in the area of the wound, which healed 
primarily, considerable cicatrization of soft parts occurred with: 
severe limitation of motion of the knee-joint. 


a 


The 6th and 7th patients were children of 5 and 6 years of age. i 
After the nailing, undertaken primarily during the wound treatment, 
-an infection of the wouncs occurred. In both cases after 3 months oi 
' suppuration of pus, a typical ring-sequestrum formed, as has been 
described by FISCHER and REICH. Both cases showed marked periostea! “ 
callus formation. The nails were removec after 4 months. The 
fracture was consolicated in both cases after the sequestrum was 
removede : 


Re 
mind 


: No limitation of the action of the joints or muscle-atrophy vas 
detected in either child after the removal of nail and sequestrume 


Nailings of metastases and spontaneous fracturese _ 


A brown tumor was detected in a 10 year old boy 1 year 
previously, located in the area of the trochanter minor of the. 
femur. The boy suffered a fracture at that same place caused by 
a slight traumae No satisfectory position could be obtainec by 
_wire-extension anc bed rest. Therefore the marrow-nailing was 
‘performed without exposing the fracture (Ill. 22, 23). After roe 
» 14 days a strong formation of callus was observed, and the nail 1 oy 
"could be removed 4 months later. 


, In 2 older persons the nailing of the femur was performed 
_ prophylactically because of metastases at the upper third of the © 
femur, following an amputation of the breast beceuse of carcinomas © 
)(Il1. 24). In adcition to this the patients were treated with 

“irradiation, as we had seen in two earlier ceses that the patients 

reacted well to this treatment, with freedom from pain; they could 
also walk again, anc the metastases were no more to be seen in ‘he, 

_ ‘X-ray picture. 2 | 


Another very interesting case is that of a 32 year o1¢’ colton 
who had a fascia-sarcoma removed from his femur 12 years beforee — 
After the operation an intensive X-ray irracietion wes started, — 
though it had been thought advisable to cisarticulate the femur > 
on account of the histological picture. X-ray demage occurre¢ to 
the skin, which mace skin grafts necessery. The colleague then eid 
not feel any disturbances until October 1945. He continued & 
engaging in sports anc was at the front curing the war until the | 
Fall of 1945. In November 1945 a spentaneous fracture succenly 
_ occurred at the femur, without any X-ray evidence of 4 metestasis,. 
‘The muscles on the outside of the thigh were atrophic to a hich a4 
egreee A broad rough area of scars was found at that place, the : 
er muscles were in good condition. It cannot be ascertained — 


i 
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quite clearly which factors caused the spontaneous fracture. It 
might have been a case of fatigue fracture (Ermuecungsbruch) 
due to the effect of muscle pressure, or just as well a belated 
damage due to raciation, a kind of osteo-radionecrosis, or, the 
spontaneous fracture may have been causec by a combination of both © 
these factors. The fracture was treatec ina hospital outside Dt 
the town with a wire-extension traction cest for 34 months. Then ee 
the patient was allowed to walk with a cane. When the patient 
first asked our acvise, we founec a bent femur, of the form of a 
varus, cue to the effect of muscle pressure from one side with 
good callus formation on the concave sice anc absolutely no callus 
formation on the convex sicee The fracture was elastic anc we seh! 
advised the patient to consent to a marrow-nailing. This was eta 
performed without exposure of the leg at the site of the fracture P 
(Ill. 25, 26, 27). After 10 days the patient was able to sten¢ on 
this leg’ for "the first time rithout suffering any pain. After 4 
weeks he was able to walk for 2 hours, supported by a cane. After : 
5 weeks distinct signs ofa callus formation were cetectec at the ~~ 


outsice of the femur fracture. After 7 reeks the patient startec ig 
work again (Ill. 28). ye. 
| e) Osteotomy. a 

In a 22 year old patient a femur fracture was treatec vith iP 
wire-loops in another hospital. A shrinking of the leg of 53 ems a 


oceurred, with angulation of the axis in the form of a varus (Ti. 294 
“An osteotomy and marrow-nailing was performed (I11. 30). The 
wounc healed without complication. The previous shortening could 
be overcome except for a difference of 15 cms. 


A In a@yorr cle patient with a deuble fracture of the femur 
theeled with considerable bending of the exis and shortening, an 
-ideal position was obtained with a correcting osteotomy. a 
‘Unfortunately, hovever, the patient Cied, owing to post- ree < 


shock. 


sa ee 


The treatment of both the patients was primarily carried uae age Bs 
van hospital outside the town. ee 


| f) Late nailing in the presence of infection. 


e This case, nailec when pre! sea! suppurating, will be clscusseny 
at the end of this report. 


a g) Forms of callus. 


‘ The cifferent Finds of callus formation heve alreacy been ~— 
"discussed by us when cealing with the fractures of the lover leg. . 
Vast periosteal reactions are nearlv alveys observed in any case 
. a fracture of a juvenile femur (Ill. 31). The trivial formation 
) of callus and the kind which we called "cloud callus" are found 

a just as frequently in femur fractures. 


h) Recapitulation. 


4 The procecure of the marrow nailing of the femur usually Coes” 
"not cause any difficulties. Iteis advisec that the marrowenail ie 
~ should be insertec into the proximal fragment before the reposition: 
is made, thus avoiding the use of trection or repositioning Lae 
aratus, as it is possible in this way to direct the fragment and ~ 

eposition it easily. In almost all ceases a stabile osteo- : 
sis will be aaa ets which has the advantage that the olny 
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‘can be freely moved early anc the muscles trained. For this reason 

we usually do not find any limitation of the motion of the joints Bay. 
or a muscle atrophy. Therefore the time of treatment is much shorter. 
than with other methods of treatment. The average of the time that 
the marrow-nailing method saves in respect to other methods is 50 

per cent less than the time-incexes given by BOEHLER for other 

methocs of treatment. 


Even in cases of fractures which are not completely stabilized 
.nd required an additional wire-extension, the marrow-nailing method ~ 
has the advantage that no severe cislocation of the fragments can 
occur, as occurs frequently, because of the traction of the 
gastrocnemii in the lower third of the femur. 


A juvenile femur is nailed in cease all other methods fail 
to stabilize the fracture. Extensive bruises of soft parts, 
commotio cerebri, or shock forbid the nailing uncer any circumstance. ae 


.. .Compound fractures require cere for the wounc and immeciate i 
fiaiitnes Pootty posittoned fracturcs can be corrected even after ee 
they are healed without very much danger of shortening the leg on 
by performing corrective osteotomy and final nailing. The removal 
of the nail shoulc not be made before the X-ray picture definitively 


shows an absolute bony healing of the fracture. It has proven not 
_to be harmful when the nail rests in its place for as long as two es 
yearSe Rea 
Sy 

When bone metastases are proven in the femur a prophylactic a 
“Marrow-nailing is proposed. fess, 
3. MARROW-NATLING OF THE HUMFRUS. . 


ractur in the humeruse 
The 14 operated fractures in the humerus included 10 simple: 
“fractures, 2 pseudarthroses, 1 nailing because of bone metastasis, 
“and one case concerned a compound fracture which was nailed after 


‘several months in a purulent state. The latter will be discussed © 
together with similar fractures of the other long bones at the end 
: of this article. Se 


; The age of our patients was from 19 to 86 years. All the cases 
were treated under Evipan narcosis except the 86 year old patient eee. 
“who received local anaesthesia. ie 

4 


. a 7 of the patients were nailed immeciately after admission: +h the | 
e hosvital, 3 other patients after 25 9 and 14 cays respectively. 

e ‘The simple or double nail, adaptéd to the width of the narrovecavity a 
“and the length of the humerus, was usec. Oa 
i According to the site of the fracture in 7 cases the nei was 


the directions of KUENTSCHER and MAATZ. The technique has not choneene 
Mecent ly, but we regard it as necessary to point out the fact, thet © 
the hole in the corticalis where the nail is inserted, must be larger — 
than usual and inclinec, as otherwise the insertion of the nail would — 
be rendered difficult and a bursting cof bone around the hole could an 


a 


No stabile osteosynthesis was obtained in one fracture witha ~ 
angular separated piece of bone at the site of the fracture. oe 
peer pings. were Bbabits after the netting. The heat nee 


pe i 


of the wounds was in all eases per primam. No adcitional bandages 
were necessarye [, 


The average time of hospitalization was 11 days. No fatalities 
occurred. No special complicaticns occurred. All fractures ee 
bony union. The follow-up eZamination showed a restriction of 
rotation of 1/3 in the 87 year old patient, but that cid not keep him 
from splitting firewood every cdaye No muscle-atrophy or limitation — : 
of movability was found in the other patients. 


edhe 


We observed in nearly all cases of fracture in the humerus a 
a slight callus formation. Only infrequently was a considerable o 
callus formation found. : e 
‘ He at 
| In all cases the nail was removec when the X-ray examination be 
showed bony healing. Re 


b Pseucarthroses. 


; 

¥ 
| A pseudarthrosis due to gun-shot fnjury was treetec after the ia 
‘Site of fracture had been laid open and the surfaces of the pseu- im 
darthrosis freshened on an oblique plane. The bone-splinters which 
mwere chiseled off, were fixed at the proper location with wire loopse 
A stabile osteosynthesis was obtained. The wound healed per primam. ~ 
An accitional abduction cast was split in the shape of a basin after = 
‘11 days and could be removed after 4 weeks. The pseudarthrosis eee 
healed by bony union. 


oe The second patient was nailed in another hosvital in January a 
1945 because of a fracture of the humerus. The patient worked very — 
hard anc soon afterwards the wound had healed. In September 1945" eg 
‘he felt an abnormal irritation in the midcle cof his arm above the 
‘elbow. X-ray investigation showed a pseudarthrosis with a wide cleft 
| ee marrow-nail had broken at the site of he fracture (Ill. 32). 


; The pseucarthrosis was laid open, the broken marrowenail was. 
Temoved and replaced by a stronger nail, after the pseuderthrosis 
Planes had been freshenec transversely. Moreover a bone graft from 
Tib was also placed in a slot chiseled into the bone (Ill. 33). : 
The wound healed per primam. The arm was Placed at rest for a shor 
time after the operation with a splint. The patient remained under 
ambulatory treatment after he had been Cischarged from hospital a 
ortnight after the operation. The graft healed in the cons 


acture. No Hind tations of motion were found in the arm. 


( Metastases. 


q In a 71 year old colleague we found 2 large metastases in the 
deft arm above the elbow with bronchial carcinoma, causing a 
spontaneous fracture (Ill. 34). The marrow-nailing was performed. 
The patient was able to begin motion a short time after the operati: 
without accitional bandages anc without pains. Nothing further can 
be said about the process of the healing, as the patient cid not sh 
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up for follow-up examinations. 


-d) Recapitulation. 


The marrow=nailing of the humerus has an advantege over other 
hods of treatment in that no adcitional abduction or extension — 
ges are requirec. The joints can be used immeciately after ines 
ion and thus no limitation of motion results. The time ae 

treating the Sirians in el anos is very aaa aH 


4. _MARPOW-NAILTNG OF THE FOREARMS. 


Altogether 28 nailings were verformed et the forearm; 16 of them 
were simple fractures, 2 compound fractures, and 10 pseudarthroses.e 
Patients of both sexes were of the age from 16 to 62 years. The | 
Simple frectures were nailed primarily except 3. In 2 cases we could 
not nail immediately because of shock. The third patient was 
provided with a plaster-cast at first end then discharged, as he hac 
been injured in a bomb-raid and on account of this attack ve had 
been kept busy with a great number of petients. As the frecture 
Showed a poor position we nailec it after 3 weeks. 2 


All dislocated forearm fractures were usually nailec. Of course 
no fractures could be nailed which were locatec iste close to the me 
soint. The technique has not changed recently. We refer tr the 74 
report of MAATZ curing the Congress of Surgeons in 1943. Especially 7 
important is the correct choice of the length and thickness of the Se 

ils, for if no stabile osteosynthesis is obtained Cistraction anc. 
ateral dislocation forces are easily produced at the fracture site, 
and these lead to pseudarthrosis. ge 


a) Simple fractures of the forearm. ie : 


| Among the 16 fractures in the forearm were 10 cases with both 
‘bones broken, 4 of the cases showed only the ulna anc 2 only the ae 

radius broken. More frequently than in the other long bones the vie 
reposition causes difficulty because of the narrow marrow-cavitiese 
‘In 6 of the 16 cases the fracture hac to be exposed, among them were 
‘the cases nailec late after the accident anc which had to be exposed 
eryhow. a 


4 The wounds healed per primam except in one case. The operation — 

was completed in Evipan narcosis except in one case in which plexus» a 

anaesthesia was useGe 

3 . 

fy In only 2 cases of the simple fractures stability could not be < 

[poteinee, and therefore a plaster cast was applied for 2 anc 3 weekser 
The period of hospitalization averaged a fortnight in all cases ~ 

e simple fractures. In patients whose fracture was not exposed — = 

ae 

Ps 


he average time was 5 dayse | i 


Bony healing occurred in all cases except cne. In this natiente a 
fracture of the ulna was nailed primarily with the nail placed a 
hess (Ill. 35). After 4 weeks the petient sterted again with his — 
eavy work as a locksmith. 2% menths leter the patient felt pain on 
again anc asked us for advice. We found the nail broken at the site 
of the fracture and a distinctly visible cleft in the ulna (111.36). 


¥ The broken nail was removec, the pseudarthrosis freshenec, the 
“addition nailed again, and a grat from the tibie inserted in ae 
a One 


The Mistake hac been mace in this 21 year old patient to allow 

him to start too early with his heavy vork. The fracture showed no a 
“complete bony healing, and, even though the nail was chosen as catee 
fully as possible, there were sufficient forces acting to shift the 
Beecture, because of the continuous use of the arm. This process ecm 
0 changes in the forming bone-tissue anc finally to baeuter ea 
a eons of the nail. ean 


yen though the forces shifting the fracture are not very great, 
‘as this case demonstrates, they can cause considerable complicationse — 
Sometimes, as-we can observe in cases where too shcrt a nail was oe 
chosen for the radius or ulna anc thus in sufficient friction was / 
obtainec, the nail wanders out of the bone. Especially in cases OF THis 
ulna fractures near the elbow the nail is likely to be forced oute 
Therefore MAATZ proposed that conical nail should be used for this ~~ 
type of fracture. Even though it occurred in two petients that the 
nail wandered out of the bone, a bony healing was obtained after  — 
the nails had been criven in again. Rs 


In one case an extensive bridge callus formec vith a gocdc heale 
ing of both the forearm bones, thus completely preventing e rotation 
The bridge callus was removed operatively enc a fat-lcbe insertece © 
"Rotation was obtained again although it was limitec in amount. “43 
In a 60 year old woman the nailing coulc not be performed uneee as 
10 days following the accicent, 2s she was acmittee to the hespital 
in shock caused by bemb injuries anc rith numerous wounds in the 
(head. The wound healed at first per primam, after an abscess in \ 
‘her face had drained; but one month later an abscess Ceveloped in © 
‘the place where the nail wes inserted into the ulna, followed by 
@isturbances of the blood circulation in the soft parts and a © a 
-SUDECK dystrophy in the forearm bone. A limitation of the motion 
| Phang wrist joint was left after the fracture had healed by bony . 
unione 


In the other patients no muscle atrophy occurred after the bony 
“healing nor a limitation of motion in the joints. The shortest os 


of removal of the nail was 7 weeks after the operation, but usually s 
“not before 3 months. 


fracture site is frequently visible for a long time, though the 
‘fractures are stable after the removal of the nail. 


a 


The callus formation is usually very slight. The cleft at the 


. Many patients resumed their light vork again after the wound of 
Bthe stitch-incision healed (7 @ays), but it is not advisable, for t 
reasons mentioned before, to let the patient start with any kind of. 

heavy work before the 12th week. 


No pensions were paid. Even the 60 year old woman, whose vey 
B oture had healed with limitation of the motion -f the viret 
@id not receive a permanent pension. 
: \ 


b)  Compounc fractures in the forearm. 


: In the first a defect fracture occurred in the ulna with q 
omplicating soft-part injury of the size of the palm. The nailing 
as performed immeciately and the wound left to heal secondarily 

mill. a7 38). d 


; The wound healed comparatively soone The patient was in the. 
¢linic only 2 days anc was then treatec ambulantly. It was most ~ 
astonishing that the 4 ems defect was bridged over with a bony bar 


(Ill. 39)-6 


| The patient resumed his work. Changes in the area of the bony 
bar occurred, even though the nail was left in its place. 
Peeudarthrosl s develoned (Ill. 40, 41). 


ae 


In the second patient, 16 years of ege, an open fracture in the 
left forearm had occurred, "ane in addition to this a fracture in the 
head of the left arm above the elbow anc a number of skin wounds in 
the area of the entire arm anc the face. Because of the wounds it © 
was at first cdeciced not to nail. But the fracture in the forearm 
could not be stabilized. Therefore we cecided to nail at least one 
bone anc chose the ulna. A chronic suvpuration cccurrec which pushe 
out several sequestra. We were not able tr follow up the case of 
this patient as he was an alien. 


c) Pseucarthroses. 


The pseucathroses includec 6 isclatec ulna oseucarthroses, Ke 
isolated radius pseudarthroses, and cne pseucarthrosis in beth the © 
forearm bones. The vseucarthrosis in both forearm benes was: trans-— 
versely freshened, provided with a marrow-nail in both benes, and it 
healed by bony union without complications. The follow-u»n exaninaté 
after six months showed absolute free motion cf the stabile forearm. 


Pass Ee toe a a. ee 
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Very unsatisfactory prospects fcr healing are to be expected in 
the isolated pseudarthroses of racius or ulna, as in either of the 
cases the corresponding sound bene causes blocking anc no pressing 
forces are able to act. In only 3 cases of split-pseucarthrosis — 
‘was it sufficient to nail anc split the bene according tre the metho 
proposed by KIRCHNER. In one of these 3 cases the healing progresse 
rvery slowly. We hac to perform an accitional BECK drilling after — 
‘some months. Then this pseudarthrosis also healed by bony unions 


In one case of a cefect- pseucarthrosis in the ulna no healing © 
Boule be obtained after the nailing was performed only after gplitti 
open the bone and without bone graft. In the other pseucarthrose 
‘of ulna or racius an accitional chip of tibia or rib was transpla: 
when it was nailed. If possible a chip of a rib should be used t 
‘prevent the patient from lying in hogrital oD long anc to permit 

his being ambulatory early. “ 


In one isolatec cefect-pseucathrosis of the radius a freshly | 
esected piece of fibula was placec between the freshenec ents oF t 


4 When the corresponding bene was in a vrong position an 
Osteotomy was performed on that cne too (I1l1. 43, 44). 


4 In all these patients bony healing coule be obtainec. We ecul 
however, not follow up these cases of 2 of the patients es it was 
jot possible to get hold of them any more. . 


a The operation lastec on an average 2 hours, if an aceitional 
graft was transplanted, and was nearly alwavs performed in Averti 
ether narcosis. Although the ordinary marrow-nailing does not caus 
‘any great difficulties to a skilled person, the rather difficult _ 
arrow=-nailing of forearm pseucarthroses requires a eonsiderable _ 
'technical knowledge, and this operation should only be performed by 
4 Bees one who have the necessary experience in the field of marrow=— 
ailing and bone-surgerye 


In three cases the wound healec secondarily, but this cid n 
ay the healing of the bone fracture. The sunpuration in thes 
es lasted only a short time. In the other case the suppurati 
iret several weeks and no bony healing could be obtained (this 2 
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| In all these cases an adcitional plaster-cast was applied, 
| although stability was obtainec, anc the cast remained until the 
“healing of the wound was completed. 


The patients with primarily healec wounds remained in the 
ospital for an average time of 1-2 weeks, but the 2 patients with © 
secondarily healing wouncs hac to remain 4 anc 5 weeks respectively _ 
in hospital treatment, . 


4 cases, which could be followed up, showed enatomical and 
functional first- class results with the joints moving free. 


qd)  Recapitulation. 
The marrow-nailing in the forearm is the most Cifficult of ay 


Ricuired that the fracture should be exposed, by which a great 
acventage of the marrow-nailing methodc is given upe No cisturbences 
of wound healing were observec in simple fractures. In all cases 

an excellent anatomical and functional result was obtained. 

no additional bandages are required for closed fractures. ject 
marrow-nailing allows one to obtain an ideal fixation in the treatre. 
of defect-pseudarthroses, as renewed dislocation cannot occur. For 
bridging over isolated uina or racius pseudarthroses it is usually — 
necessary to attach a bone graft, as the sound second bone has a 
erocking effect an¢ prevents the healing. 


L TE NAILING IN PURULENT FRACTURES. 


@ In January 1944 a 44 year. old patient suffered a sombai fra: 
ture in the left lower leg curing an air-raid. A chronic fistula 
the area of the fracture occurrec and no bony healing was obtained 
ven after 4 months. The fracture cid not show a satisfactory 
Position The intact fibula actec hac a blocking effect. Therefore 
fter 4 months we decidec to nail the fracture, after resection of 
the fibula and freshening of the surfaces of the fracture, though 
the fracture was suppurating anc high temperature occurred frequen 
fi ATl1. 45). An additional plaster-cast was appliec. Nine months 
Pter the nailing, when the fracture wes bridged over with bone, © 
‘the nail was removed (Ill. 46). nea 


The patient was able to walk 8 weeks after the nailing» | prove 


mith an ambulatory cast which was left for 2 months. Then the pat 
Walked without the cast, but the fistula cid not decrease until t 
na il had been removec. ’ The patient cic not feel any discomfort a 
walked with a cane. After the nail had been removec the atten 


then was discharged as healed. In the beginning he received a BF 
"30 ser cent. | 


tf Thus, the situation cid not lead, as one might have expected 
2 general suppuration of the bone-marrow, but the formerly heavy _ 
stulization from the fracture site cecreasec very consicerably w 
the latter had been stabilized by the marrow-nail. Not having © 
healed before for 4 months, the fracture, after being nailed, hea 
by bony union within 3 months. ve 


oe The inserted nail acts in those cases as a crain-pipe.e As a 
ser of course neither the place where the nail was inserted nor 
ound. must be closed. The temperature steadily decreased unti- 
f eb after the nailing, as alse in the following. two 
oh a ak hac a Lg oo ae E NER, An ae dace 


es 
femur in August, 1945 (Ill. 47). 


A comminuted fracture was founc with a wounc the size cf the 
palm. The patient was brought to our hosnital from a clinic in 
another place with a wire extension. A verv strong supvuretion set 
in. The wound which had been the size of a hand grew smeller very — 
slowly. The patient constantly hac high temperature, up to 39° and 

40° c, No satisfactory position of the fragments. was obtained, ( 
Several X-ray examinations showed progressing angulation. Therefor 
it was decided to nail, after almost 4 months, even though dis- 
charging freely. The fragments were exposed, great secuestratedc 
bone pieces were removed and the fracture fixec with a marrowenail — 
(Ill. 48). An ideal reposition was cbtained after the nailing. ens 

The wounds were left wide open. The severe suppuration subsid 

very quickly and the temperature cecreased thus making the patient — 
feel well again for the first time. After 5 months the fracture | 
showed complete bony union. 


| 7 weeks after the nailing the vatient started to walk about. 
About eighteen months after the nailing the nail anc some small 

-sequestra were removed from the small fistula. The contra 
outline of the fistula after the removal of the nail was seen to 
extend along the previous marrow-nail canal, which we know to be 
separated from the marrow-cavity by connective tissue. 


The discharge of pus was inecnsiderable. 


The patient was able to wet very satisfactorily ina relative 
‘short time, feeling really well for the first time, anc was Cise 

_ charged without untoward results. <A shortening ~f 2 cms anc a 
limitation of the motion in the knee-joint (bending only un to 100° 
“remained. , ea 


ti, 


“i On account of the critical general erncition, the lerge 
“complicating soft-part injuries anc the marked supvuration, we 
_ considered amputating the leg several times befrre the nailing. We 
were able not only to save the leg of the patient by the marrowe — 
mailing, but could also at once influence the general enndition — 
for the better. 


In a third patient we found a compounc fracture of the hunerd 
multiple rib-fractures, fractures of the scapula, and a varalysis | 
he ulna. The very extensive end cirty wound of the arm above th 
Elbow could <eedin be dager rit ina A phat nailing vas. ws 


providec with a Discnentenetch, Later on, as the temperature in 
“ereased, an abcuction-cast was apvlied to keep the limb at reste 
he fracture was in poor condition. Therefore it was Cecided to. 
fter 4 weeks in spite of the supnuraticon (Ill. 50). A chronic 
nfection occurred anc sequestra formed in the area of the fracture. 
ter the removal of the sequestra a bony consolidation was obtainec 
me nelly in an anatomically iceal position cf the fragments Ce 


resting position is obtained. — ve 
dietely. Also the experiences of YUENTSCHER collected during a 

> war rin a ee, nunper of Ciba prove this assumption con 
of S$ 
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GENERAL RECAPITULATIO 


ia The marrowenailing of 155 frectures is reportec. The tehtad 
show the distribution of the cases among the cifferent long bone 
iq the kind of fracture. In general we maintain cur formerly 
orted experiences that the marrow-nailing method has consicerab 
antages over other methods of treatment, above all in the 
possibility toc use the joints again very soon, and thus train the 
muscles before they atrophy. Therefore the patient may consicer 
so be really healed anc able to work after the fracture is heale 
7 bony union, and no lengthy physiotherapy follow-up treatment 
necessarye 


The aim of every marrow-nailing is the stabile osteosynth 
iis can be obtained, as the examinations of the fraetures in 
hp leg have proved clearly, only with the utilization of sk 
1ilse ig 


If only the simple nail is used for nailing the lower sede 
eeults will be decicedly worsee This explains the fact. thet scn 
rgeons cecline to perform the nailing in the lower leg. ee 


The technically most cifficult nailing is the nailing of 
rearm. This should therefore be left exclusively to surgecns 
iliar with the marrow-nailing. 


‘The period of hospitalization and the time by which the va 
was able to work again was much shorter than the time stated in 
f ‘om other kinds of treatment. 


a 


- ‘The hazards of bore ceoned (hne ane how to avoic them has bee 
ointed out in the various sections cf this paper. 
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In spite of numerous experiments with animals and investigations _ . 
din men the question has not yet been settled as to which tissues are — 
most important to the healing of bone fractures, particularly, which 
tissue is the decisive element in the union of the fragments, | raphe 


DUHAMEL was the first to recognize the boneeconstructing Pee 
efficiency of the periosteum. Later DUPUYTREN reinforced this °° © 
‘concept and deduced that not only does the periosteum form callus, 
but also the fracture surfaces of the bone itself and sometimes 
even the surrounding soft-parts take part in the process. Ae 


According to the investigations up to the present time it ig 
fassumed that the formation of callus depends on the activity of © 
‘cells originating from different tissues, but always of mesenchymal 
origin. nr mesenchymal tissue is able to produce bone under »\ alae 
certain conditions and so the problem of callus-formation has beats he 
a problem of differentiation. sh 


At the present we speak of the many potentialities of the 
mesenchymal germinating tissue, from which connective tissue, ~ 
‘cartilage and bone can be differentiated. 


The activity of the cells is directed by different factors, © 
‘which may be physical, chemical, hormonal, endocrine and alimentar 


We do not intend to discuss the numerous chemical, hormonal, 
‘endocrine, and alimentary factors, which may disturb the healing’ af 
of a bone-fracture, as it would be too lengthy for this article. But 
it is necessary to point to the physical factors in the healing of #2 
‘a fracture, as there is no question that these factors are of 
|decisive importancee 


The ROUX law says that forces pressing the fragments together | ni 
act as formative stimulants on the bone substance, but forces Bene): 
causing lateral displacement act destructively. Therefore, ROUX 
thas pointed out that with the traction treatment for fractures 
Pseudarthroses are more liable to develope } 


4 As KROMPECHER showed the normal development of a bone will a 
‘be chondrogen when influenced by pressure, desmogen when traction 
‘force is acting, and angiogen when neither of these forces actic 

-KROMPECHER examined the bones of the lower legs of dogs treated — 
‘in compressing and traction apparatuses to determine the reaction 
of the bone regeneration to these factors. His observation on ee om 
bone development proved that under the effect of pressure cartilage 
dnous callus is formed from which bone is produced. Under the effect — 
of traction he found a change of the undifferentiated mesenchymal Ree 
germative-tissue into temporary connective tissue callus, Additional — 
cells lie between the collagen fibrils. These develop into ; 
osteoblasts which surround the connective tissue bundles with i 
bone substance as the grovth of bone progressese He came to the © 
conclusion that a cartilaginous callus is formed, which, when ae 5 
the fracture ends are pressed against one another with slight .)3 i 
force during the healing process, changes into chondric hone-callaes 
as the chondric bone-formation progressese This chondric bone=- — 
ballus is structurally espezially capable of withstanding pressure. 
cf, however, the ends of the fragments are continuously separated trong 
one another, by traction during the healing process, connective tissu. 
callus will be formed.s The diesmal bone thus developed is rather 
compact , but the connective tissue kind of bone-healing is na 
sructurally unable to withstand pressure. KROMPECHER tried to _ 
support his eae BY vhs findings in a he sted healed with yess 
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angulation at the site of fracture, The Corer selon of the 

Oncave side which was under pressure was endochondral, on the . 
onvex side, however, which was under traction, desmal. BIEBL 

found in ideally corrected wire-sutured fractures of the femur a 
trong formation of callus on the rear and inner side of the femur, 
and slight callus formation on the front and outer side. He exe 
plains these observations by the formation of callus being favorably 
influenced by pressure on the concave side whereas the formation 

of callus is hindered by traction force on the convex side. | 


But the problem is not so simpie as the investigations of Rees 
KROMPECHER make it appear. The point of view of present day 
pathologists is, that desmal healing of the fracture is considered ~ 
to be normal, at least in adults, and sig poor glean Callus is ereater 
only as a result of special conditions (LAUCHE). Even vith fracture, 
healed in a plaster cast under pressure, desmal healing is considera a 
to be normal. This assumption is contrary to that of FROMPECHER, < 
The question then arises whether it is vossible to obtain an experi- 
mental condition which permits only one of the forees to act cither — 
pressure or traction and which eliminates all forces tending to caus 
lateral displacement. It is unanimcusly acknowledged that theda 
flatter forces are harmful, and *herefore they should be eliminated & 
much as possible by the therapeutic measurese 


KUENTSCHER was able to prove with hte procedure of the extansiam e 
lines that the LOOSER reconstruction zones aru found exactly at the 
places of strongest traction-tension, the peak of traction-tension. 
if, however, even the healed bone is especially sensitive to tracticu 
stress, then the growing bone or callus must be effected all the ‘ re 
more by this same forcee 


_  PAUWELS has convincingly proved in fractures of the neck of © 
femur how much mechanical factors influence the healing of bone ~ 
fractures. He further showed that this mechanical problem can be 
sOlved with suitable counter-measures. In the case of a fracture ob 
the neck of the femur the mechanical stress may act as a free . 
lateral displacement force a¢cording to the angle of inclination of a 
the planes of the fragments to one another and thus prevent bony 
healing, or acting as functional stress may bring the fracture to | 
bony healing. Thus PAUWELS has demonstrated in case of a great 
angle of inclination caused by a wedge shaped subtrochanterit = = = 
Imesection of the upper portion of the femur, that the action of the 
forces can be changed in such a wav, that instead of a freely nating Be 
lateral displacement force a functional pressure comes into effect. 
Thus bony healing, even of pseudarthrotic fractures of femur-netks 

can be obtained. 


i ik a 
When we observe our present methods of treatment from these 
mechanical points of view we can state that none of the procedures 
fulfills the ideal conditions which are required for an crdietuilbed 
course of healing, namely the elimination of all harmful distrastion ~ 
forees as well as forces causing lateral displacement, It has to ~ 
be mentioned that even the KROMPECHER experimental distraction- and — 
contraction-apparatus is not able to eliminate completcly those. : 
forces causing lateral displacement. BLOCK, who made experiments 
Similar to these of KROMPECHER, also assumes that these forces | 
ways disturb the conditions of the experiments. 


a In the extension-treatment harmful distraction forces can. act 
when the extension is not applied in the correct amoun*. All the 
> her methods prevent much of the harmful forces tending to as ae 
ateral "ean ak Seer tatty the plaster-cast and the ambulatory at 


a 


Cast, but they never eliminate them completely. Only the merrowe 

mailing procedure, introduced by KUENTSCHER, enables the surgeon to 
obtain complete rest in those fractures, which are suitable for this. 
method, and eliminates all of these undesirable forces causing la tea 
displacement which hinder callus formation, and permits the forces 
‘pressing the fragments together to act freely and thus leads to the 
whealing of the fracture. Cases especially suitable for marrow-na Ting 
Bare the transverse fractures of the long tube=-bones located in pec 
middle of the shaft in which a "stabile ostecsynthesis" (KUENTSCTIF, 
‘may be obtained by the marrowenail acting as an internal splint. 


na 


| One might object that the marrow=-nail destroys the entire 
‘marrow in the bone over a large area and this wound delay the 
preconstruction of the bone. But it has to be remembered that the © 
‘Marrow-nail does not act like a piston in a syringe because of its 
being V-shaped and therefore does not push all the Marrow out | 
of the cavity when inserted; but only a small portion of it is . 
‘displaced and squeezed out through the fracture cleft. Furthermore, 
»experience showed that in cases ideally suitable for marrow=nailing 
the healing of the bone is not disturbed. On the contrary a quic 
“consolidation of the bone fracture is achieved. The marrowenail | 
-made of V2Aesteel, neither hinders callus formation as a foreign 
“body, nor is it harmful to the tissues. 


From all recent clinical and X-ray investigations, finally ol 
from the histological examinations of KUENT SCHER , definite pictur 
were obtained of the situetion at various stares "hich permit one 
'to observe the events in the tissues, but did not giv> an explan 
eee; the course of these events in deta il. pi : 


1 By means of experiments in dogs the course of healing was inde 
Pgated in fractures treated with a plaster cast and those treated _ 
“with a marrowenail and the chante? occurring in the tissues vere 

/recordeds SU 
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8 adult dogs of almost similar weight were used for the expe 

mments.e In all the animals the tibia w-s fractured in the middle o 
‘the shaft subcutaneously, by means of an osteoclast, in such a w 
that the fragments were left in their anatomical position whenever 
“possible, to prevent a rough dislocation in the fractures which 
were not to be treated with a marrow-nail, and thus obtaining va 
rather similar conditions for the experiment, I11. 1 shows in eee 
‘lateral position the fractures of the tibia approximately in the iy 

middle of the shaft treated with and without the marrowjynail, 

experiment 1. ee Uae 


q To save space we did not add further X-ray illustrations. | 
A-P X-rays of experimental pair No. 1, killed 7 days after the 
fracture of the leg, showed an anatomically ideal position for t 
entire period of the experiment. 


5, 
a 
a 


The plaster casts were always applied so that they extenias 
both the adjacent joints. X-ray pictures of all the dogs were m 
every 8 days. The first pair of dogs were killed after 7 days, ~~ 
the second pair at 14 days, the third pair at 5 weeks, the fourth 
pair at 6% weeks after the leg was brokene ce ae 


All operations were done under somnifone-ether narcosiSe, 


‘The marrow-nailing was made with V-shaped V2A-marrow-nails. 
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As we expected, the anatomic position cf the fregments could not — 


Be maintained as at the beginning of the experiment in those anime Us 
treated with »laster castse An effort was made to correct the 
‘position by changing the castse We will report on the details of the 

‘dislocation when discussing the respective pairs of dogs. Thus the 


conditions were similar to those occurring with the usual methods 
of fracture-treatment, i.e. the forces tending to cause lateral ¢dis= 


placement which are harmful to the healing of the fracture could not’ 


be eliminated in the animals treated with the cast but in the 


fractures treated with the marrow-nail only those forces pressing 
the fragments together acted from the beginninge 


FINDINGS: 
le. The first couple of dogs, examined 7 days after the frectiy 


showed an ideal position of the fragments in the X-ray picture (Tet 


but no formation of callus was observed. The fracture cleft was 


distinctly visible in both bones. 


‘nation. In both, the site of the frecture-hematoma could be seONs © 
‘Comparable sections of the broken bones were taken anc these were 


After the removal of the soft parts surrounding the hone neith. — 


of the broken bones showed anything unusual to macroscopic exami- 


'examined microscopically in the cross-section. The entire bone 
(including the fibula) was sectioned from the head of the tibia 
‘to the ankle to make it possible to observe the areas at some ei 
‘distance from the fracture site. For comparison the uninjured bone a 
fof the other side was examined at the same level. The bone-partiecles — 
'were dyed with hemotoxylin-eosin after the methred of VAN GIESON, 


f 
q 
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which no destruction of the compacta has taken place. (Ill. 2) 


lof the vessels was seen. In the area close (3 ems) to the fracture 
m more marked swelling of the periosteal tissue is found associated — 


The following reports always relate to analogous parts of the ponesal 


minations of the tissue of the 7 day old 
act the leg, treated with plaster - cast. 


The bone of the uninjured lower leg shows a normal structure. 


‘signs of resorption. Some wicened HAVERSIAN canals are found in 


The bone-marrow consists of fatemerrow. No other findings worta 
mnoting are seen in the marrow. No reaction in the connective tissue — 


With an increase of the number of fibrils. .The number of vessels 
is also increased. The compacta and the marrow are unchanged. out ben 


arises in the entire periosteal tube, surrounded by strong, well 
stained zones osteoblastse On the concave side of the bones ieee 
fon the side of strcngest pressure, the formation of osteoids is the © 


most complete. These csteoidal spicules are arranged almost exactly 


radially. (The position of the fracture was ideal during the 
entire period of the experiment!), Their network is penetrated by ~ 


these places e compacta shows only slight lacunary resorption, . 
Ze bone-marrow, however, shows a beginning bene-reconstruction in the 


blood-vessels, their gelatinous substance, in which no collagen Betts 
were res is stained slightly blueish by hemetoxylin-cosin. In — 
h . 
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he bone of the broken leg shows above as well as below the fracture ~ 
isite, at a distance of 6 cm8sa very slight reaction in the periostem: 
A slight swelling of the lamellas is found, and the neriosteal ve 
ede bg are increased in number in comparison with the healthy bene. ~ 
io perivascular reaction is detected. The periosteum is avthin 
lamella-like tube next to the compacta, as is usually found in health, 
bones. The compacta shows an orderly formation without any remarkable © 
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close to the fracture site (1 em) a formation of nstevidal spicules ae 


hs 


Diane 


sis" ee 

form of fine osteocide spicules appearing like those of the periostew:. 
Organization of the fracture hematoma can be detected paraosteally. | 
The fracture site itself shows paraosteally a connective tissue 
arranged longitudinally with numerous vessels and perivascular 
infiltrates. Next to it comes a high layer of osteoids, stained 

a faint blue with hematoxylin-eosin. The osteoid-layer shows a 
network construction. Furthermore the ostenid-layer is often inter-— 
rupted by deposits of blood-pigment and tissue-debris. Ostenid 
spicules extend almost to the compacta, which in the immediate area 

of the fracture shows more resorption. In the merrow a rather active 
Osteoid-formation is found, especially in the peripheral marrow f 
‘areae Intermediary fresh conneétive tissue is seen changing into : 
osteoid, the tissue next to the marrow being very edematous. The . 
findings below the fracture site are similar to those found above it. 


Examination of the tissue of the Gay olc fracture in the 


leg 
Soe h EY | 
ted with a marrowenall. 


The uninjured bone does not show any unusual findings. At a fe 
distance of 6 ems from the fracture analogous t~ the same area as thi 
fracture treated with the cast, we founc, in this case, even this - 
early, a marked periosteal reaction in the way of a formation of ‘ 
Osteoid spicules with a definite swelling of the periosteal substance 
and proliferation of the vessels. In the compacta only a very few 
HAVERSIAN canals are distended an@ contain edema fluid. Aside from 
this the compacta is unchanged. In a surprising manner a tissue 
isimilar to connective tissue is found ccmpressing the merrov around — 
the osteoid. The fresh osteoid lies around the nail slot ina thin 
shell-like layer (Ill. 4). at 


Closer to the fracture site (3 cms) the rsteoid substance formed — 
from the periosteum shows a considerable increase of height. Just 
fas seen 6 ems above and below the fracture site, it is arranged in an 
orderly radial pattern of spicules (viz. Ill. 5 & 6). The | 
compacta appears as it does more distant from the fracture site S 
mand does not show any remarkable evidence of resorption. Around the 7 
mail-bed there is a coat of connective tissue constructed by the 
Marrow with fresh osteoid spicules arranged more or less in thin 
Jayerse There are no symptoms of infection. The closer the sections | 
fare to the fracture site, the higher is the ostecid layer of the oe 
Periosteum, with a preference for the concave sice of the bones Beye 
‘Also here in the compacta there are no marked changese In the ~ we 
fracture-cleft itself, besices a high veriosteal osteridal layer, mad 
beginning necrosis of "the ends of the fragments is to be seen, 
@ppearing as a spreading edemae. The bone seems to have been nibbyed S: 
j@nd no bone cells are to be seen. Cells dissolving the bcne vere is 
mot found. The fracture cleft is bridged over by connective tissues a 
there is no development of osteoid in that place, only a concen- | 
Sation and swelling of the connective tissue fibres with proliferation 
Bf the vessels. A strong reaction of the connective tissue is scen — 
paraosteally but only by the proliferation of vessels, again strongest 
at the concave side. ‘oe 


4 Comparing the staining iitey of the csteoid substence of shies ta 
bone with the one treated with the cast, it anpears that in the marrow 
Mailed bone the stain is more intensively bluee This may be caused 
by a greater precipitation of calcium-salts in this fractures 


COMPARATIVE SURVEY: 


In the fracture kept at rest by means of the cast no periosteal no 
‘eaction occurred distant from thé fracture site, butin the marrow- — 
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Inaileda fracture a distinct ostecid-formation can be cetected at a 
distance of as much as 6 ems. Only close tr the fracture site docs 
pthe periosteum start to frrm cstenid in the fracture treated with tho © 
I plaster- cast, the ostecid being as thick as it is in the same pdDlace 
in the nailed fracture. In both the cases the cstecid shows a 
regular construction, only in the aree of the fracture treatec with 
the cast the csteoid-forrmation a»nears more irregular then the 
corresponding place in the nailed fracture. The ¢cnpecta of the 
pfracture treated with the cast shrews more resorpticn; the marror 
‘starts forming a marrow-osteoid in the immeciate prea of the froetv 
prhe marrow-nailed fracture, hovever, reacts with a formaticn cf near, 
osteoid at a great cistance from the fracture (6 cms) The nail-s! 
is surrouncedc by connective tissue. In both the tibiae the eonecave 
Pside of the bene which is uncer the strongest pressure shows a mote 
prominent formation cof osteoid. In comparing these findings it has 
to be taken intn ccnsiceraticn that the anatomical position of the © 
‘fragments of the fracture treated with the cast vas maintained during 
the entire periodof the experiment, thus stronger forces ven te 
cause lateral displacement were oliminated. ie 


| 2e The second pair -f dogs, examined 14 days after the fractur 
sshowed in the X-ray a transverse frecture in the middle of the tibia ~ 
fend fibula. In the marrow-nailed fracture an iceal nosition of the ~ 
fragments was maintained during the period of the experiment... The ~ 
(leg fracture kept at rest with a plaster-cast als» showec an ideal 
“position in. the beginning, but after 8 days a cislecation occurred 

‘in a lateral direction for almost as much as the Ciamcter of the 
wshaft. This latter position was maintained until the end of the a 
rexperiment. After the experiment a spindle-shaped callus-formation — 
was observed in the marrow-nailec fracture extending cover 5 ems in <i 
the tibia which was 16.5 cms long. The cast-treatec fracture shove? — 
only slight evidence of callus-formation in the X-ray picture. eae 
‘Both fractures were still loose. 


q The examination of the bones ves performed in the seme wav as 
po the first pair of Ccgs.. 


Mic oscopi xamination of the tissue of the 14 cay old ‘a 
f ture in the leg, treated with the plasterocest. De. 


The bones of the uninjured legs are without any retholorical 
dings. At a @istance of 9.5 cms and 6.5 cms from the fracture the; 
periosteum does not show irregularities except a slightly thicter a: 
outer peroneal layer and vessel infiltration. The compacta shows only — 
low grade irregular resorption. The marrow is without findings. At © 

p Gistance of 34 cms from the site of frecture we findahighpmiosteal ~ 
Callus-formation. It is surprising that also paraosteally a strong. c 
connective tissue-like reaction can be seen, especially between the . 
surrounding muscle bundles. The osteoidal s»vicules show fresh calcim 
infiltration identifiable by the light fine-grained color. Its a 
arrangement appears irregular. It lacks the impressive radials ae 
stripped arrangement verticle to the compacta:as was found in the 
marrowe-nailed or ideally repositioned fracture of the first pair of 
dogs. The compacta is without findings, except slight irregular ia 
Tesorption, at this level (33 cms from the site of fracture). However, 
a rather strong formation of callus is found in the marrow. Near tho 
Practure site the compacta participates in the increased discrganisat- — 
jon. Resorptive processes ere found on damaged bone pnarticles, The 
Ormation of marrow-callus is very active. In the ~sterid spicules a _ 
peginning calcification can be cetectecd. The general impression is — 
shat the tissues at the fracture site appear irregulerly arran-cde 
gesides fresh calcified osteoid of the periosteum we finde cartilaginous © 
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Basvc ane the beginning change from cartilace intr b-ne-tissue can 

Be Observed. /The periosteal bene-deposit in the fracture-site is of 
farious heights. The periosteal callus is frequently interrupted 

by cartilage-islands which are forming bone by themselves. Further- — 
more, a tense fascial tissue is seen containing abundant nucleaée 

In general there is no uniform tissue reaction in the periosteal 

ubee In the fresh callus of the periosteum anc of the marrow 
evidences of disorganization can be found. The intermediary callus . 
Priginates from the marrow as well as from the periosteum. As Ill. 7 
shows the periosteal osteoid grows into the fracture cleft and | 
unites there with an ostecid network formed by the marrow. 


marrow-nailed fracture in the 1ef6 : 


The uninjured bone is without pathological changes. Marrowenaile 
leg-bone: The periosteal callus formation starts even at a Cistance 
bt 9 cms from the frecture, therefore immediately below the knee=jaint: 
starting at this point the' calcifying periosteal osteocid=layer is -ODies 
increasing thickness up to the site of fracture end is the most heavy 
in the area of the fracture. Ill. 8, which represents a transverse 

Bsection at a level of 6 ems above the fracture site, shows the a 
Ssteoidal spicules well arranged in a racial direction. They ree ae 
resent the stage of change from ostecid into genuine boneesubstanc:, 
Because of that we find areas of osteoid which still show osteoblass 4” 
sspecially in the peripheral areas but for the most part, preferably : 
‘lose to the compacta, it has already changec int> senuine | periosteal. 
formed bone, which is: proved by the small bocies of bone now observe. 

Whe greatest degree of calcification is found close to the compacta 8 

Msee Ill. 9). The compacta shows at all levels cniy a slight ee 
a “ing haha! resorption in the peripheral ereas. The marrow eontains 

me genuine marrow-bone, which sur?cuncs the tissue of the nail- bed pir’ 
a rranged more or less in layers (Ill. 10). This narrow-bone is Bae 
Found for the entire lencth of the nails; at seme snots of the narrow ee 
4 resorptive activity appearse a 


j , COMPARATIVE SURVFY: 


In the X-ray a Cistinct spindle-shaped callus-formation can be! en 
letected around the fracture cleft in the marrow-nailed benes of the 
lower leg; in the fractures treatec with the plaster-cast cnly siteea 
ei ius formation can be found close to the fracture cleft. 


In the microscopic examination the great cifference between thes 
f@lius formation is especially surprising. The cast-treated fracture 
hows. periosteally formed callus only in close proximity of the 
racture-cleft but in the nailec fracture even at a consicerable 
astance from the fracture cleft, immeciately below the knee-joint. — 
nh the comparable level of the leg treated with the cast no periostea 
eaction of any consequence can be Cetected, and in the area of the 
racture treatec with a cast we find an irregular formation of tissu 
lesides the periosteally formec callus cne can observe considera?” 
artilage changing intc bone and much compact cennective tissue. — 
he marrowenailed frecture the fracture-site shows a perfectly ree 
Mi euoncrrangement. Only a calcifying high ostecid tissue is Bb 
rising from the periosteum. It shows some osteoblasts verinherally. — 
ear the compacta it has already changed into bone varticles. 
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| In both fractures a moderate irregular resorption is frund in’ 
ne Bereta. AK | 


ae 


The marrow of the fracture treated with the cast shows eallus 
produced from the marrow only in the immediate area cf the fracture. 
The marrow=nailed bone cf the lower leg shows, over the entire ; 

| extent of the nail-bed, a rather strong callus formation, and it ? 

| is astonishing that this callus is much more developed than in the 
bone treated with the cast. This callus even shows the appearance 


of completed bone. 


3. The third pair of Cogs, examinec 5 weeks after the fractures 
of the leg bones, shows a transverse frecture in the tibia end fibulo 
of the middle of the shaft. In the marrew-nailed fracture an ideal . 

| position of the fragments was maintained Curing the period of the 
experiment. The fracture treetec with a plaster-cast showec at first 
a slight dislocation laterally for almost 1/3 of the ciameter of the 
shaft, 4 weeks later a further slight dislocation of the axis had 
occurred. The observation of the callus formation by means of 
X-rays was rendered difficult because of the plaster-cast. Beginnir.: 
callus formation cculdc cefinitely be cetected only efter 3 weeksSe 

_ After 5 weeks there was geod callus formation and bony healing of th ~ 
fracture. The fracture cleft was still cistinctly visible, In the 
marrow-nailed fracture distinct s»indle-sheped callus formation wes ~ 
formed after 3 weeks. After 5 weeks there was bony fixation cf the | 

fracture and the cleft of the fracture was hardly visible (Ill. 11. 


The examination cf the benes vas mace in the same way as in the 
other experinentse ae 


Cm) 


! The tissues of both fractures ere 5 weeks “lé and in a mere 
» advanced stage. Therefore we do not give a ceteilcé Cescréntion here. 
Our findings are ceseribed in the comparative survey. / ae 


COMPARATIVE SURVEY: 


§ In both cogs bony healing of the fractures was achievec after 
-S weeks. The marrow-nailed fracture healed in anatomically iceal 
-position. The fracture treate@ with the cast heale@ with a leteral 
me ee oeation and angulation. As in experiment 2 we also found here. 
in the cast-treated fracture an abundant callus formation in the 
-area of the fracture. The appearance of the tissue Pei ecmparec with — 
that in the merrow-nailed bene, rather irregular. n the area of Us. | 
' fracture we find excessive bcone-callus originating . the 
D periosteum, connective tissue, and cartilage. In the area of the ; 
fracture abuncant cartilaginous tissue is observed$ there are changes | 

; from certilage into bone-tissue, irregular areas “e calcification in a 
_ the cartilege anc finally a consicerable formation of connective rae 
»tissue in the form of an almost rigid fascial tissue. If there was 
‘not so much periosteal callus all this might Veac to the conelusion > a 
'that a pseucarthrosis hac been formed, as there is so much connective 
‘tissue. The periosteal bone deposit begins only in the immeciate ~~ 
“area of the fracture. Even the: formation of marrow-callus begins © 
‘in that areae These with periosteal callus contribute toc the i 
Bs ntermediary stabilization. The compacta shows a strcnger resorptic; | 
"especially at the fracture=-site. We have the seme finding in the  — 

-area of the periosteally formed callus anc the marrov-callus. Sy 


Rie, 


4 The marrow-nailec fracture shows a crnsicerable variation, 
“generally to be considered as the result of the inner splinting of | 
Sethe fracture. In this way favorable conditicns for the healing of 
ithe fracture was achieved. Tis may be seen bv the fact that in the % 
Microscopical examination an absolutely regular arrengement in beth 
the callus- and bone-formation is achieved. My, cansicerable use 
paraosteal reaction is seen. The veriosteum is the chief factor in 


« 10: « 
' the consolidation of the fracture. A new neriosteal bone is formed 
) surrounding the fracture site, like a coat. Its bone svicules ere 
arranged radially in the direction of the compacte. At all points 
we sce well formed fresh bone, the ecnmpacta being arranged in layerse 
| This one Ceposit however is, by nc means, as high as in the 
comparable parts of the cast-treated fracture. Its structure is | 
much more regular because the »veriosteally formec bone-spvicules BN 
are arranged radially. At all levels we find only this racially 9 
arranged bone, which is uniformly calcified. Other kinds of tissue ~ 
are not seen. As in the cast-treated fracture we find here also 8 
marked resorptive symptoms in the way. of an irregular resorption ie 
in the newly formed »vericsteal bone, in the compacta, and in the uJ 
marrow-bone, over the entire extent of the bone, especially in the a 
area close to the fracture. . 


4. The fourth pair of dogs, examinee 634 weeks efter the fractin 
of the leg-bones, showed a transverse fracture in the micdcle of the os 
shaft of the tibia and the fibula. -Iceal position of the fragments a 
in the marrow=-nailed bene curing the perioc of the experiment, and as 
a stabile bony healing was achievec after 63 weeks. The fracture Oras 
cleft was only slightly visible. During the exveriment the fracturcG © 
treated with plaster-cast showed a lateral .cisplacement of half tre 

diameter of the shaft and a rather marked anguleticn (recurvaticnj. 
f A. good formation of callus was achievec anc the fracture cleft vas . 
still visible after the lapse of 6% weeks. 


Examination of the benes was made as in the other experiments. 


1h 
Microscopi ination of the tissue cf the 65 weeks old Fear: 
e in the leg treated with the aster=caste ae 


| The uninjured bone cid not show any chenges. A rather strong ~ 
-periosteal callus-fcormation is found (about 6 ems distant from the eae 
-fracture=-site). At 3 ems Cistance from the fracture site an 
Pacditional strong paraosteal callus formation is seene The periostaam 
'bone-tissue is not constructed racially. Small cartilage-islands, “one 
/located between the periosteal bone-spicules, are partially calcified, 
'Paraosteally a very distinct formation of cartilage is found. The © Fe, 
Sinfiltration of calcium varies and an extensive formation of = a 
Pconnective tissue is seen in the form of a rather compact fibrous ~» 
‘tissue. Rather marked resorptive symptoms can be seen in the a 
Pperiosteal and paraosteal bene, as well as in the compacta, with 
symptoms of a ciscrganization of the tissue. One cm distant from by. 
‘the fracture-site and in the area of the fracture itself the © | 
formation of cartilage anc connective tissue is more Ccistincte TREY 12) 
SA good formation of periosteal callus can be observed, the spicules — 
of which, for the most part, are irregularilv arraneede The Wass 
Icompacta’ shows a marked irregular resorpticn in the frecture site °° ~ 
sitself, especially around the border in the Cirection cf the bone 
wf periosteal origin. There are ciffcrent cegrees of bone formation, = 
‘going through Osteoic anc cartilagincus phases. In the frecture ~~ iE 
eleft there is sufficient connective tissue «ith a beginning of oe 
pbone formation. ASE 


7 Microscopic examination of the tissue of the 63 weeks ola 
q marrow=nailed fracture in the lower leg. 


To prevent repetition we summarize the findings. 


ae 
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As far as 6 ems above and below the fracture site in the 17 coms 
Long tibia we see a uniform picture of a normally constructed bone= 
shell. The fracture cleft is ee neee over and consistently shows | 


y: 


* Wats 


‘evidence of rebuilding. The same evidences of rec nstruction are 
‘also to be found in the marginal parts of the compacta. The 
freeonstruction of the bone is strongest on the sice of the 


‘physiologically concave curvative of the leg-bonese The outer camera 


layer of the pericsteum can be seen. An ideal bony healing is 
achieved in the area cf the fracture site in such a way that the 
inner layers of the new periosteal bene are well attached to the 
old compactae A regular arrangement of the ~stecns is seen. In 
fa very few places we finc some small calcificc bene islands in the 


in the marrow-bone and in the periocsteally formce bone. The new 
periosteal bone is better developed than the ermparahle area in 
the case treated with the cast. Its e-nstruction is ebsolutcly 
uniform (Ill. 13). 


COMPARATIVE SURVEY: 


Both fractures showed bony fixation after 64 weeks. The 
marrow-nailed fracture healed in an anatomically iceal position as_ 
‘all the experiments. The cast-treatec fracture healed in lateral 
and axial disnlacement. In the marreov-nailed fracture the X-ray 


showec the same extent of the spindle-shapec calcifiec callus as in 


the experiment 3. In the fracture treatec with the plaster-cast 
the callus formaticn was also eonsicerable. Ne snincdle-shapedc 
callus was founc, the margin of this calcified callus is irregular 
‘The periosteal reaction observed only in this case (6 ens cistant 
‘from the fracture site) hes to be eonsiderec as the result cf an 
extensive damaging of the periosteum caused by = prenouncec . 
Maislocation of the fracture. The neriosteally formed bone is 
‘constructec irregularly and infiltrated by cartilagincus tissuc 
which is calcified tc a varying degree. Paraosteally plenty of 
Pcartilaginous and cense fibrous tissue is scen. The fincings 
‘correspond t- these -f experiment 3. 


hy 
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‘shows very Cistinctly the racial arrangement ef the former osteoid 
‘spicules. Its inner layers are alreacy built int~ the compacta. 
Paraosteally no reaction is seen, evcept small catilage islancs. 
PFornation cf marrow-callus is observec only in the area “f the 
mracture in the case treatec withthe cast. Horever, in the nailed 
fracture the callus can be seen in the entire length -f the nail. 
surrounding the nail-bed. 

» The resorption precesses are more evicent ir the cast-treated 
@racture than in the marr-wenailec fracture. The rcescn fr this 
ms the dislocaticn anc insufficient fixaticn -f the cest-treatec 


jfracture. in this experiment the evicence “f rescrntion is further ae 


mevelopec in bcth\’ frectures. This is cue t~ the length -f. tine — 
the fractures have existed, 


SUMMARY OF ALL THR FINDINGS: 


In experiments with animals an attempt was made tre reprocuce 
the arrangements similar t~ those in human beings, anc thc healing 
process of fractures treatec vith plaster-cast dnc these with the 
Marrow-nailing was ccmpared at Cifferent stages. 


oS 


In the treatment cof fractures with a plestecrecast it wes 


the bone. In the marrow-nailec frecture however the paraosteal 
issue did not take any active vert. The experiments showed thet 


The periosteally formed bene of the marrow-nailec fracture still — 


’ 


periosteal bone-shell. Resorptive symptoms are scen in the compactn, — 


A ae / 


Sbservec thet besides the bone-ccnstructive effect -f the bene itselte 
he paraosteal tissue has perticipatec extensively in the stabilize ne 


of utmost invortance for. the healing of bone-fracturcs. 


In the marrow-nailec fractures the periosteum shows ecnsicerable 
sone reconstruction in the area distant from the frecture site. A he 
‘periostea al reaction coule not be Cetected et the corresnending area — as 
fof the cest-treated fractures Cb 


In the areas of the fractures treatcc with the two methocs,.a 
good periosteal bene formation is fe unc, but it is remarkable thet 
the callus of the cast-treatec fracture shows an irregular victure, 
the marrow-nailed fracture however shcews e very rogular racial 
e-nstruction. a. 


: In both cases the callus shows evidence “f snveotty resorntion aol 
after the lapse of a certain tire. This starts earlier with the on 
east-treated fracture. Here the symptoms can be seen more ance 
€istinetly and in a lerger area cf the bone. es 


Tn the marrow-nailec fractures the b ne marrcw shows marrow- Mi 
callus aleng the entire length cf the nail. The nail-boc itself pe 
is surrounded by a coat of connective tissue, iee. it is Cemarcatec 
by connective tissue. In the cast-treatec fractures a marr cw calls aes 
formation is found only in the very erea of the fracture, acting mes 
in the way of an intermeciate consolidation of the fragments : 
me ectter with the pericsteun. mae 


The callus, formed in marrow-nailed cascs, is *f an absolutely 
regular arrangement and will result in a gcce stabdiliza tien of the 
fracture. Therefore it is of great value with rerare t> the ae 
reconstruction cf the bone anc it is cefinitely suporicr to the oa 
marrow formed in cast-treatec frectures. Net the quantity, but the 
quality cf the callus is the cecisive factor Cetormining its AOE 
structural value. ve 

The callus in mar: ow-naileé fractures, which is structurally ae 


Metter, results from the elimination of all the harmful factors which | 
cisturb the healing, such as cistracticn forces, and these forces) ame 
‘causing lateral displacement. Only pressure ccmes into effect anc | 
mt is the cnly force acvantageous for the fermation cf. callus. is 


a 


4 KROMPECHER was of the ovinion thet cartilaginous callus is 
formec by pressure. Our experiments with the fixation -f the ay: 
fracture by the marrew-nail, vhich ecliminatcs all forces causing ae 
fateral Cisvlacement, have proven that a cesma! callus is formec ea 
ander  ressure. This corresponds to the cther fincings -f the eee 
origin of bone-callus, It is pessible, that KROMPECHER could net ; 
lliminate all lateral Cisvlacement forees curing his exncerimentse | 
the great quantity of ie Sobel ot wl tissue, especially paracsteally, 
in cur fractures fixed with the plaster-cast,. in which not all: of (ae 

i. 


the lsteral displacement forces could be elim natec, shows that 
cartilaginous tissue is procucec only uncer special ecncitions, 
fanely when it is not possible to climinate these harmful fcrcese 


e The. total elimination of the leteral cisplacement forces curing 
she healing process cf fractures in the shaft cf tube-bones can he ee 
ichieved only by means of the KUENTSCHER marrow-nailing method. ae 


: The stronger the pressure forces are, the gre ater will be the a 
formation of callus. This can be seen at the dlace of the strongest - 
Ihnysiological concave curvature of the bone. The veriosteally formed 
rallus rather cistant from the fracture snc the extensive formation — 

if marrcow-callus around the nail’sict may be explained by the ‘ 
ressure or the chemical stinulaticn of the inserteé nail upon the © 
urrounding tissue (*UFENTSCHER). | 23 iii 
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Lateral view of a. tibia-fracture in the miccle -f the shaft 
of experiment 1. Position of the fractures 7 days efter tie | 4 
end of the experiment. « 


7? days -ld, cast-treated fracture, at a cistance cf 6 cms from 
the fracture site. Ne pericsteel reaction. : 


7 days old, marrow-nailed fracture. At the level -f the frock. 
“mg periosteal osteoic with surrounding connective tissue 
eaction. Pronouncec irregular resorptirn in the compactae 


? days old, marrov-neiled fracture, rt a Cistance of 6. ems from 
the site cf frecture. Poriosteal 4ste~id-formation. Ne <a 
irregular resceroticn cf the compacta. Marrow-osterid. Fibreugs  — 
tissue arourd the nail sict. hing 
ae: 

7 days old mart cwenailec fracture, at a cistence cf 3 ems from 9% 
the fracture site. Well-arrangec pericsteal ocste-idc spicule ee 
system. Very slight evicence of resorption in the ecmpectae ae 
: : a att 

7 days old, marrow-nailed frrcture, seme area as Tll. 5 in higher at 


magnification. Radial -ste ic spiculéenctrork of the neriosteun 
with cistinct margins cf ostec- blasts. Resting ecmoactae He 


14 days old, cast-treated fracture. The rericstenl callus is 9 7 


growing into the intermeciate arce cne¢ extencing into the nete 9 7 


work of the intermeciary callus fcrmec from marrcev, ey 
a) periosteal exllus, »b) intermeciar callus. N 


14 ¢ays old marrew-nailee fracture, at a Cistance -f 6 cms from 
the site -f the frecture. High radially arrangec pericsteal 


osterid. | Ree 
14 days °ld marrew-neiled frecture, at a Cistance of 6 cms from © 
the site -f.the fracture. Close to the compacta the ccmmlete ey 
bone has alreacy frrmec. In the areas of the margin of the ae 
compacta slight resorption is seen. heed 
ch: BN 

14 days old marrer-nailed fracture, at a Cistance of 6 ems from ne. 
the site of the fracture. Fibrosis -f the nail-bedc with asi 
Gistinct marrow-callus formation. | oi 
5 weeks old marrow-nailec fracture, s».indle-shaped callus. Pe: 
es 

6% weeks cld cast-treatec fracture. Site of fracturo. Strong _ 
paraosteal reaction cof the connective tissue anc cf the eas 
cartilaginous tissue. High pericsteally formed bene with uaa 
strong resorptive syn>tons, also irregular reser >ticn in ary 
compecta and marrow. Network like ernstruction of the : ae 
periosteal bone. i shee 
6% weeks old merrow-nailed fracture, at the frecture site. ; a 
Regular ce nstruction cf the periosteal bone. Inecnsicerable A: 
resorpticn symotoms in the compacta, nce paraosteal tissue- RK, 
reaction, connective tissue like Cemarkation cf the neil-bec,. . 
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1) AOE Sadly with the ory atae iets since tenes of 
_ microphotogra: hs. The legends ave iin illustrations: will 
on ‘the following page. 
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Illustration 1’ 


OO Tete eae 


Lateral view of . tibia- 
fracture in the middle ~ 
of the shaft of experi -i ine 
ment 1,\ Position og the | 
fractures 7 days after th 
end of the expcrriment; — 


y 


| ‘Tllustrviion 11 


eks old marrow-nailed 
aeture, spindle-shaped — 


\ 


llus,— 


ae 


| Reprint fron the 


‘Zentralblatt Peet Shiratate 


; 70,: Jahrgang, Nr, 11 + 1943 
Verlae von Johann Ambrosius Barth in Leipzig. 
: <. \ + > 
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: ae THE STABLE FIXATION OF FRaCTURES 
a ("STABILE OSTFOSY!THFSIS") ae 
» AND THFIR ECONOMIC SIGNIFICArcE. 
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 Oberfeldarat d, R, und beratender Chirurg bein 


ty 
| With 15 Illustrations* — 
e a : , : pies =) 
Ay ge ee niet  * Facilities at hand did not 
A sR ae ae permit the rep production of 
Brey aay a eee ~) Phe illustrations 3,6,9,12, 
ee a ‘and 15, ‘ 
RAI See : : 
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of ana Moneest. shape of the apg ee ‘siaent a Barly and as exe 
actly as possible, This should be maintained until the 
healing of the fracture takes place without limiting the 
‘flexibility of the muscles and joints, 


This ideal cannot be obtained by any conservative mothod, 

for the Plaster of Paris or the splint method involves a 
more or less prolonced linitaticn of motion of the joints 
3 - next to the fracture, Also, the traction method does not 
‘ permit a completely free flexibility of the joints and it 


} ~ by. no weans eeerenhecs a complete fixation of the broken 
fic. DONG, 


eae Thus surgeons tried some time ago to obtain the above 
mentioncd objective by exposing oe frreture in an operati 
notciing it or joining by pins or small splinters of bone. 

aftcr the method of a cabinet maker, winding wire around ; 
the bone, sccuring it with metal plates by serews and by. 
Similar methods. This osteosynthesis was not satis? tory, 
Bee however, for the fixation of the brokeh bone vas not so §s 
that one could eliminate the use ef a banda ve for kee .ing + 
effected part in a rceting position, Thereby the harn by — 
metal in the case of us« of unsuitable material, and first of 
all the danver of an infection by the exposur« of the frac 
ture was so considrrable that many authors, atronest tiem 

especially BOFHLER, completely denounced the forcign body 


osteosynthesis as a Mtohetedus innovatircn, Fven the supe 
porters of this method advocated that it be used only ina 
- ¢@ases of the strongest indications and then only if cene. . 
‘Boke scrvative metheds were not satisfactory, 2a 


eae ee eae ee ee eS 
“@ 


During the last ten years a chanse of opinion has: 
arisen on account of the extra articular nailing of froie- 
tures of the middle portion of the neck of the femur, The 
successes of this method have been so outstanding that it : 
is undisputedly accepted as the method of choicco esora, even © 
[- by the opponents of osteosynthesis, 


a ee en ee ae 


Se ae 


f etuae “Compa .rcd with the usual ostcosyvnthesis there. ara 
important differences in case of the nailing of the nee lk 
@i:the femurs *).: | 


~A special shaped (three lamellac) nail is used for . 
fixing the freeture, which is driven through theo trochante 
e 7 ana the neck of the femur right up to the head. As a aes 
_ result of this design, together with the wedging which takes 
place aftcr the nail is driven Ant the fracture is given — 
Such stability by this method, that a fixation bandage is 
unnecessary and the p2iticnts are soon able to move and tos. 
use the injurcd limb acain, KUFNTSCHER has therefore Ret 
described tho nailing of the neck of thc fenur as tstsbi kew 
ostaosynthesis", 7 


he ee ee ee 
<P 2 \ . 


sae The sccand Lounetcnt aiffe erence is that the froct bore 
' , eleft docs not need to be exposed, ~The scttine of thee 
hi fre acturc is done Subcutancously and the wound re-vired for 
the introduction of the nail is far distart from the frae=- 
ture cleft and the hematoma of the fracturo, Tho darser 03 
an infcoetion is thoreby reduced to a minimun, 3 | 


Infcetions of the oporation wound somctimesarise but 
we have scen them only twiec in more than 80 cascs of 
marrow nviling, The infcetion, howover, romains limited te 
the operation wound, Interruptiens in the Aus Lline of the - 
fracture as are obsc erved unfortunatcly often in cascs of 
othsr ostcosynthcses, hive nover becn gceon e us and have ge 
not becn deseribed by other authors up to the present, If, 
* they really cver have arisen the number of these cascs is 
Sienificantly small, a 


a ‘Also, in-eases of a nailing of the neck of the femur 
; injuries due -to metal are described, If one removes the 
* nail in time no inconvenience will arise, This can be 
avoided by the use of nails of V2A-steel, 


So the "stabile ostcosynthesis' of the fracture of 3 
the neck of the femur practicolly fulfills 211 recvireron 
for the troctment’ of a fracture mentiondd in the beginiin 
With its introduction this particular fracture has lost 
many of its former horrors, The usually very hivh nortal: 
_ rate has sunk considerxzbly (to 4 - 10%), The nseudsrthro 
BP. at one time 2rising almost regularly, ean nowedc:ys be o> 
Be . only ocea 2sional} ly if the operation is, done in time and tk 
| right technicue is applied, 


ee It is a great rerit of KUENTSCHFR th-t with his "marro 
i = nailing" hc developed a method in which tha orinciple of 
Hie Stabilte osteosynthesis" is also used for fr-etures of loi 
bones, Nate i 

1 vee Piety ly formed, V-shaped nail is introduced into 
the marrow cavity at some distance from the fracture and — 

f— . @riven so deeply into the marrow eavity of the distal f 
of ment, under X-ray control, that it corpletely fixes the _ 
12 fracturce fhe nail is so ripid, the fixing of the fractu 
* go firm, that 2a bandage to kecp. the injured part in a . 

4 ‘ing condition is unnecessary, The pxticnts can move the 
13 broken limb freely in 411 joints’ without poin and a short 
im Mine lator they ean put woight.on it rs.1in.» stiffening: 2) 
i of the joints is therefore avoided. (sec 11 Ago Spee and. 44 


| _ But what about the dangcrs of this "sto bile osteosyn- 
| thesis" in cases of long bones? a ~ Ce 
Bi : | i 
m4. Damages eaused by. metal: ' They need not be ferred for 
ie - the nail is manufactured of V2A-st-cl and is removed afte 

| the growth of the’ new bone during the herling process of — 
| om the fracture, Nae 

| ee | f LPT | 

ieee Danger_ of infection: As, the frereture cleft is not 
exposed, the fracture being repositioned subcut-neously 2 
the introduction of the nail rrouires only + 8211 “round: 
distant from the fricture, the dangcr is bob dadaginend cons 
ably less than in cases of other osteosynthescs, IP ngs el ht 
“the early days of the marrow nailing we have geen ih te :0b* 0: 
‘of the operztion wound in 3: cases. The clinic of ZITL algo 
reports observing this, These infections clways. remoined © 
Localized, They have never been the cause of 2 temoval 
ee the nail or led to interruptions of the herling proccss 
: | ering “hat infections can be avoided by the use of 
cient skill and strict asepsis, the danger appears 
ch he: f no Elid aa ygeelacs beh i cod with he 


note ar In some cases of compound ae .eturcs and 
discharging wounds an infcetion of the 
Marrow cavity and sequestrum formation. Rs 
have arisen, especially when technical 
errors wore made, The drainage continucd 
y uninterrupted and free and the fracturcs 
herled solidly. No marrow phlc¢mon or 
acute ostcomyelitis was obscrved, 


Poot 


Interruptions of tho healing of the fracturcs: When on 
t -reads.thc technicue described for the first time one vlrost 
aa becomes frightcned and thinks of’ the foilur<s of the use cf - 
pins mide of small bone or ivory ‘which cre held cs xceirlly 
m. . responsible for,the damage of tho marrow red the chdo stew 
; KUPNTSCHFR has proven by oxperiments thxt on ye count of! 
4) the shape of the ae no such damase has to be ferrcd,’ F 
Mm » of all, the especially harmful factor of the plucsing of 
q merrow when coi ae uscd is eliminated in the morrow nots 
t ing method, The KUFNTSCHFR-nnil is strone cnouns to with=s © 
|. stand the harmful bendin: and shearing effects (which thou 
| bone. pin ernnot do), it docs not pluc the marrow cavity, a 
in course of time it, even looscns qa bit so that the inter- 
' loeckins of the fracments will have the full. cffoet of movi 
| ment and use of the effccted limb, These intorlockins : 
ta forces favor the formation and firmness of callus ina ros 
»  markable way, ss is already known, CLinieol) cxpcrienees. = 
| have already confirmed these thcoretical and oxpeorincnta 
mii Pesults, -Fepegially in the:cases of frioturcs of the fonu 
y . one is repeatedly surprised at how rapidly the formation of 
me eallus can be observed in the X-ray, © | yk 


, So the marrow nailing method of “UTNTSCHER as a poe 
Seba bl ie ostcosynthesis" fulfills in an clmost ideal way, — 
q ell he reeulrenre ante for ie troatme: ie of bone vabaienieec 
@ Accorcing 
mo: OF View of the hiner e et ie): WPyory suitable “fro ‘ebaras 
e  -should be tres ted with the stabile ostoosynthcsis",— For. 

"(fractures of the shaft of the fcomur it is unconditionally 
the motnoe of “ioe ata ROA AR to ad) others. At 


} 


4 


rea examples are now civen to demonstrate the ceon 
omic significance. of the Natabi le osteosynthosis! whieh i 
cons 2a egnnlaaaed important | in these days. eS 


oy a oe While in eases of a frxieture of the neck of the fom 

even the best statistics indicate only o herling of 45% 

Caso of treatment with the Plaster of Paris. of WHITEMANN 
the following perecntases of practically complete rocover 
were obtained by the marrow nailing mothod, which can be 
fused in a larger veriety of cases than the "Plaster OF EA ac 
|  BOERHLER 74, ‘sy FFLSENREICH in 73%, VOGELER in 70%, wo ou 
solves in 72% of the cascs of frean ir Saad be 


eng Loaesbang ho BOFHLFR tho iaveravc Cure tion of hosoit 
treatment without nailing amounted to 246 days, while vat 
nailing it amounted to- only 26 days since 1936, ‘a number 
which complotoly agrees with our own and othcr authors cx- 
. periences, This indicates a saving of 220 drys, or RI 1100 
if a cost of maintonance of RM 5,-- pcr Cay is assumed, » \ 


% ‘ 


Wd lal ; eee ir ; . . \ i 

In the treatment of fra cre of the shaft of ine 
eoeer) SeSahee reports an avorage period of treatment of 
Wi eehO Caye in his clinics during the year of: 1927, while in= 
the eascs treated outside the clinic it averagscd 340 days. 


The*average period of treatment in the clinic amounted 
to 53, days whon frocturcs of the femur wore treated by the 
Marrow, nMallinzs method, for the last three paticnts it cvePpe 
ages only 35 days. This moans again a savin of 200 to 3 
300 days, of RM 1000,-- to RM 1506,-- cost of maintcnanec 
for cach paticnt, j \ ; 


; The duration of inability for work amountcd, acc ondy eK 
to BOEHLFR, to 625 days on the av.raze for hie own paticnts, ¥ 
while it amounted to an average of 1819 days for paticnts 7m 

| treated outside the elinic by the conservative methods, F 

"; our paticnts the longost time of inabj lity to work amounted 

i to 97 days ( A Belgian worker of 60 years of x¢c), Aft Oras 

| ‘this timo tho fraeture had firm bony hcalines and tho, nates 

> was removed, In comparison to tho admittedly ood ‘Be 
of BOFHLER with tho conservative method of troitment this am 
moans a savinr of almost 14 yoars of inabi eee worl, 


A large rscries of statistics he Hos Med ovate rbe vege 
t> d : : 


a the number of our own cascs of treatment is not eee 
ie -cnough to permit a comparison between th* final 

Be the 'stabile ostoosynthcsis" and thc con iservoative ‘net! 

_ (of treatment, It can alroady be ‘cloarly recogniged, 

" that tremendous cconomic advantages can be obtained thaws 
, geen at Ne to aan ‘the loss of less. than 20% of ‘the ca 


ae eity of carning one's own living occurs in 5 out of 18 eo 
trceatod outside the accident clinic in the year of 19275 
Only tyo patients were fully capable of carning their ‘own 
living. Out of 14 cases of treatment in tht accident cli 
itself, the Loss of the capacity of carning thoir own Live 
ing <mountcd to /less than 20% in 10 cases, out of which, 
however, only 4 wore fully capable to carn their own Li vas 
ing... This wos a success of which BOFHLFR could properly — 
‘be provd, In 17 cascs of fractures of the fcmur trhcre o 
/'-  @ marrow nailing was performed by us, the treatment ‘: 
= | is in so far > geet saga the final rosvlt is cstablish 
se In only one ease, whe an arthrosis dc .formans existdd i 
me the knoe joint, a Peastayion of movomint of 20° arose, 9 
4 This paticnt was granted a pension of 15% for anothor 6 © 
- Sha haa All the others are completcly without inconvenion 
mea, f | 
ee Moe eliniea yt pene aaa demonstrate even bettor the 
y  advantagcs of ‘the "sta bile ostcosynthcsis" than all th 


Ser, 
_ 


_ statistics, iy ' 


ns 
bees. 


Be ‘During a railread collison 2 3% yor old trvek drive 
ee suffered o transverse fracture of the shaft of the femur 
— slightly above the midpoint < and in addition @.he-d injury 
with a concussion of the Brain and 2. froeturce of the left 
‘shoul@eblade (Ill. 1). On the 7th day 3ftcer the aveddent th 
nailing opcration of the fracture of the femur was per = sums 
Rotormed. Three days aftor the operation tho paticnt. began 
exerciscs in the bed, A fortnight after the oporation he. 
pot up without any bandage (727, 2) and 45 days aftor’ Hae 
esa ies (55 aoye after the sae ae why he was released, | 
co Bar nene caused a one Ladle ages of the 


aw 


This i neans_ thot_ Ae e_poticn nt4s_8 OURaT as. tho eee 
ef the forur is. concerned, ate ra por roe of. not. tulGoug. 


Bonths, fully capable of workin2 again, Such 2. result ha s 


eee’ — a * 


| mever been and will nevor be obtrincd with any cons: rv:tive 
e method, | 


# BOeUloaray, Tractiroe of the shaft of the loot hocli tae 
fe case of skilled conservative treatment "ithout any incon- | 
venience, In any case, 85.26% of the porticnts trorted by 
BOEHLFR did not obtain a pension, The nahi eon ‘tions of the ; 
werkers association of various tradcs show, howcvir, difvore 
findings. BOFHLER for instsanee found only 17,2% rccovering: 
witrout a partial disability pension in the yerr of 1910/11 
Such findings, howcver, could not be uscd 2s a basis for © 
3 judgerent, for only the’ resvlts of wdl} directed clinics: — 
; prove the value of 2 mothod, . 
The economic sdvantarze of the "stabile ostcosynthcsis® — 
Gannot be so erent with rceard to the final rosults of leg 
fractures as compared to the thigh, but it is cuito worthe. 
/* while in beth eas«s with regard to the duration of the pcrio 
P §. of treatment in the elinic and the inability for work, : 


Aécording to the statcrent of BOTHLFR, spiral and : 
| "ercen stick fractures reovire 4 hospital troatmont of 435 to. 
4 woeks (constant bandrec . according to the traction mothoe 
oF repositioning in Plaster of ‘Paris with cxtcnsion), aft 
Pe thig 2n ambulatoty cast willbe; pution,for 5 or 6 WooksS,, 

"“¥oungs people might in’ some cascs'as oarly.4s throe monthawy 
“66 abdlo to return to hes vy work,,. For’ oldcr pocople and ine 
casos Gi: scevore fractures it lasts about 4° to 6 montis, oye 
Beran ; | pares 
eo aE SEEN DEN to this «wc offer the clinical rcvort om 
| an apprentice!’ of 16 years of ao, when a marrow ‘nailing: oom 
operation was performed: 


at) oan! \ aay / Meee eh 
ie ime nad Go donl; with &- spifal-like fracture ‘or ee | 
With the separation of a long fragment -ithout displaco ra 
: ee aD 4). Two days after the accident he was ‘treated by ae 


Bei, “gtabile astcosynthesis" according ta “UFNTSCHFR, Beexus 
= the separation of the fravrent a light Plaster, of Paris (see 
-  WaB put on the leg although the fracture was clinies Tiy, Ne 
q  - eompletcly firm yee the nailing, “ithin 7 days this .¢ st. 
‘became loose and was removed, As no prin wos mentioned at 
211 during the stzain causcd by the manipulation and the 
“patient could:move the leg freely, no further bandage was 
es; put on, “12 days after thc) accident ths patient got up. © 
PTAA 5), 38 days after the accident he was rcleased fro 
the clinic, ’ The joints could be moved completely frce, 
| He eould wal without aed assistance with a cane and with 
i out) pain, (Ill, 6), 6 weoks aftor tho aecident the or 
started to work arsin without any inconvenience,., 8 dirs 
after the beginning of this work he foll in the fark and’ 
suffered a severe hema toma in the ankle joint of the bro 
leg. He had to stop work geein,) The frscture itself) waa 
in no way disturbed by the fall, It also was not painful 
After a further 4 weeks the difficulties of this new aceid 
were healed ahd the sps tient Woe again abbe te works ao pe 


eT ee ee 
os. FS : 


months, 


ary 


‘above the elbow an ambulatory treatment is most often 


‘ae we had to coal with a-fraeture in the dis al third 
the humerus, As is gcncrally Epo tay Saree Rane cone 


The *stabile ostcosynthesis" has therefore resulted 
in a saving of at least two weeks stxv in ths hosnital ar 
(without the now accident .t least 45 work days, Put chee 
Case also proves the firmness of the marrow nailine, for 
tefroacturce would almost certainly have sariecn duriny tho 
sccond accident without the hailing, if the paticnt vould, © 
have been walking in an ambulatory cast within 6 rocks vERE 
the first accident, 


Tnansvyorse froetures of the leg can bo treated with 
1. Plaster of Paris cast imreediatcly after the reposition 
and the patients ean be released after bcing obscrved a 
furth-r 8 days with an ambulatory east which enables them 
to walk, ceiuauied thoy are Pit fox: york aftcr 4 to a 


; 


be his#aly any Saving with ths “ ptabede Dee ceeunt he sis", 
The paticnts, however, can eonoral] ly rcosume work eorlic 
as the following case shows: | . 


A 38 year ole Polish ecuk TAs Para ke in with me 
transverse frirecture in tho midrle thire ae URS Le2y. (IRIS 
A "st2bile. ostcosynthcsis" was done three days after th 
a¢cident, Wo cast was apolied,' .Fxorcises.w re started 1 
pe third day after the op:ration, He cei up on the sove: 

day aftcr the operation and walked about, (The pationt 
could have boon relo:sed:.a fortnight 2ftor the accident, 
causo of other than mcdieal reasons, howover, he remaine 
in the hospital). 20 days after the operation he could — 
move tho lcg freely and without inconvanicnee, 31 d-ys 
after the accident he was reloased and imnedirtcly he ; 
resumed his work as a blacksmith in agriculture, ilt»or 
hardly any callus formation could be seen in the a-ray. 
(t17 5 ¢.and 9): All joints: could be freelysmoved, tz 
was no cdoma, The "stabile ostcosynthcsis" therefore 
necountcd for 1. saving of.at least 90 work days in thi 
CASECig ' . ‘ 


} 


In cascs of 2 frreture of the shaft of the humeru 


Gicatcd, The abduction cast, necessary iftcr the reposi 
ing, must, howevor, be left on for four to six weeks (21 
-after phy siothorapy is still reoyired before the patien 
Can start working arnain, The "stabile osteosynthesis" > 
the patient the rathcr shavrcless and often vory disagrec 
able abduction cast and cnables hin. to use the arm as 
as. 3 to 4 werks later, 

A school box of 14 years age with an oblique fro ‘ 
of the shaft of the arm -bove the elbow (see I11 a Nie | 
move his arm without any prin 14 days ifter tho apawe at 
‘and do any sort of work, (I11, 11 and 12), He was re 
leased from tho clinic 9 days aftor the operation, | 


- 


| In this case tho ‘st~bile ost cosynthesis" saved at 
least 40 work days. This caso is all the more romarkabl 


Seana ge of the et oe 


ohm matirne of oO fPaature of the snett of the \.ras 
above the slbow verformed from the upper end broveat an 
especially good success in the case of 2 boy of ll ‘o.rs 
“of age ‘epee 13). 10 deys aftr the operation he could 
move his rm freoly and without pain and was relecrsod ag 
Whealed™ (211,' 14 and 15). Certainly, children often 
perform xS8tonishing achievements in healing of fro eburcs, 
but. mover covld such a success have been obtained with a» 
conservative mothod of treatment, 


From sevoral sources the opinion was cxvrcessed thot 
some Gamage of the nourishment of the bono micht be er1us 
by. tho natling of the formation of aesllus luxurian, . The 
elinie of Kicl discounts these remarks. (I also could 
obscrve any inconvenicncee in one way or nat he Baa: 9 morc, 
than. 140 eases of nailing of closcd fricturcs whieh I 

‘have secon in my own clinic and in the hospitrls of tho, 
Mens an Air Force, ; 


1 VG: Sor trinly are still rt the beaihnnd ne and a warn 
Must be siven not ot use the "stabile ostcosynthesis" i 
| eases ef fractures of long bones without sufficient oxpe 
Ph ne seoually important, without decal sip een eh: | 


to heo ling and to cconomic Savant eeu mae MACS have 
Wstabile osteosynthesis" for suverior to all co:sorv- tiv 
methods of treatment, . 


"Stabilo os sduepebaee a” is the Tixation ef ia. frre 
ef a bene by especially Shaped metal nadiis, bt cpa 
“any cast and permits carly freo movercnt of the brokcn 
and weight bearing. In this method the fracture is ve 
Loe ec y The: daneen of an infection is thereby matesriall 
- reduced as compared with the other. oboe gandan ears oh sk 
Antorrupting: of: ‘the houling of ‘the irs eture ha to bo 


eye nc ara, 
the femur, now ont Ss ease te toe cases oe ih gg cHNEoay 

is of the shaft of long bones by the marrow nailing not nae 
ae _dovelopod by) “UENTSCHFR, | 


) his more thar 70: of the eascs of fraeturcs of the 
A of the femur a completé horling was obtrined by the ‘is 
See reyouicatal The time of hospitalization was roduc 
mere (Ohan 200 days. In all) cases of \frictunts of- the 
difficulty was cncountercd, the time of residonee in th 
- ¢linie was redueed by more thin 200 days sad, aftor 97. & 
Spite the longest case, the paticntswere able to wor ofa 
With the conservative method the average timo of inarbil 
to work amountcd at least to 627 days (recor*ine to BOl 
In cases of fracturcs of thse tibia the time of reside: 
the hospital and inability to work is considerably re: 
a on aiige of fr: ree ae the aati ft of the arm shove th 
he san eee eR the un. 


a) ey 
See 


_ feacturee. 


\ . 
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a Illustration i Os 
eo oe meQe ao years old). ; 
rae Mianevorke fracture of. THlustration 2 


Poe the femur, 
ig \ NE, . 
mh foencteas of eal} US, 
" : up 4 days BLOs 
: , Ly 
: % ey \ 
i) ‘S 3 
i . eh 


Vilage ed fi Phivetrs tion 4 | alg pO 
Coa ae. H. 16 years old Series aN | har des: 
‘Spiral fracture of the BS pas Ria te i fa 


i left tibia with a large ; : 
frag ment broken out. are “Thustrs tion 


“y 


Birra ea Pete Oe 8 ; batt Ber 3 Same fracture 13 dns 
PNR yn ern Re after the operstion, | 
ky OBESE a ics ae RE fie “got up 2. dave Agog: we 
8 Rea Aa aie ay EES ss dneonvenience, 
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: ‘Tiustration see . Tliust-ation 8 
zi; By. 38 years old, K | ame froeture 28 “ays 
iS Wen navorse fracture of the | Pa overstion, 
ata in the middle third, SEOs Rat os IN rk get ron 
Be bons | formation of ¢.llue 
sot up.ebides rs ‘awed 
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se We uy years wid, W BY Tiustration Ld 

“Oblidue frncture in the Lae oa Same Seaeture bole 

Pee abort dhe el bow: ; cha tad REGS after the operatio 

Pe Pa eee aee Be ie yits (eo keh whan been moved 
ee ae ESS days. 
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Ee ‘aiiustration pe 
“KSNg 12 years: old, 

an Chaerse erootire “in 
the middle of the fight 
- arm”’above the elbow, 
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by 
Privatdozent Dr, RICHARD MAATZ, Kiel. 
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Translation prepared by: 


ey as ‘Naval ‘Peohnioat Unite »Furope, (Medical Seetio 
ag Office of Naval ‘Advisor 


(Office of Military Government (u. S" a 


: The fate of gun-shot fractures ef the upper arm ‘ts ; 
‘well-known, I may be permitted to review it ina few gene — 
tences, Certainly some of these fractures will heal when. 
they aré treated in the usual manner even if there is a 
loss of substance of the bone, A greater part’ must pass. 
through a long confinement, Large. plaster casts must bia) 
worn until the sup>uration abates and only. a small rapes 
remains, sustained by seouestra, Reeurrence of the in-_ 
flammation may happen at any time, The sequestra must he | 
removed, Perhaps a cavity in the bone causes furthor seen. 
cretion, This will last.-for months, perhaps years, and duri 
this time the fracture, which is inadeouately stabilized > 
by the plaster cast or later on is left without onc, beco 
a pseudarthrosis or a "new joint", Méanwhile the neighbo 
ing joints will become rigid, especially the elbow, and if” 
} the radial nerve has been hurt precious time for repairing 
ia it is lost, When enough time has passed after the wound 
closes, the pseudarthrosis may be operated upon. Whether 
the fragments are united with wire, plates, screws or an- 
ae implanted chip of bone a new inflammation may arise all 
a too freovuently and once more everything will start from th 
q beginning. A great number of the patients are obliged ae 
+ to wear a posthetic apparatus, 


oes -. Today we have the possibility to Sekonut thoes course 

: Whatever the condition of the wound may be we unite the ~~ 
/  £ freshened ends of the bone, stabilize the fracture by a ne 
method, and we are justified in stating that union is ac= 
complished after a comparatively short time. incidenta lly 
4t may be mentioned that we can operate even when the fra 
ture is still in 4 septic state, vend 


principle may be described in a few sent neces, The ends. of 
the fragments are freshened carefully avoiding any separati 
of the. periosteum from the bone. They are brousht into 
“proper aRpoas anton without regard for a shortoning of the- 


é 
re 
‘a 
. 
: 
) 
> 


if 


ai i 


other and sta ited by means of devices a verosdeca inp 
; the cavity of the bone, . 


4 
¥ 


‘The flesh wound bokne left open clcans up. very fast Be is 
closed after a short time, | 


It was KUENTSCHFR who led us upon this Taye At first 
his nail was intended far closed fractures, On learning — 
that even an infection of tee fracture is not dangerous wh 
the nail is lying in.the cavity of the bone, we lost our 
extreme respect for the marrow-cavity. Now we know that th 
marrow cavity can be treated as we like if only the cxtcrior 
of the bone is not damaged, HEIM was the first to nail 
a, lepaiatii gun-shot fractures, Other auenees followed, — 


“ 


as But soon a ereat disadvantage was PEE EEG which was 
first published by HFABLFR, even concerning closed fract 
f£ the upper arm. Often the fracture shows a distracto 
| abs tonicity of the coum of the arm sis: not. + i: 

e ; in api By mechanical r a" 


Bete 


the curved nail introduced from the side of the bone is 

able to prevent this separation but only for the first 

days (MAATZ), In spite of these conditions a nailed 

closed fracture unites in most cases,. As the tonicity of 
the muscies in an infected region is materially diminished 
the separation of the fragments will occur in nearly 

every case, sspocially if 1% is 2 gun-shot fracture with 

a loss of substance. It is cvident that a supvurating frac- 
ture is more likely to turn into a pscudarthrosis, 


I also noticed many cascs of this kind among fractures 
nailed in other hosvitals or by myself, Among the 17 pscu- 
darthroses of the upper arm I had the occasion to cure by 
this new method, 7 had already been overated upon before with 
the medullary nail but without the desired effect, 


The development of my presently used mothod will be 
demonstrated best by the following case, 


Paticnt Paul M. was injured 31 December 1939. ft was 
an open fracture of the left upper arm near the elbow, 
Since it hac bccome a pscudarthrosis, it was operated upon 
in 1941. Subsecuently there was a scrious inflam: ation 
in which the joint of the elbow was involved, The -round 
Closed during 1942, the joint having becore stiff while 
the pseudarthrosis continued, It was in this state the 
patient was sent to us (Ill, 2) 


Liltstration sk 
Line of incision 
and extent of re-= 
section of the fist- 
ulating pscudarthrosis, 


On 10 November 1943 the ends of the bone were freshened 
and the pseudarthrosis was nailed with a thick straight nail 
introduced through the destroyed joint into the elbow, : 
Immediately the inflammation recurred, The neil due to its 
weight bogan slip ring down out of its bed and the fracture 
sevarated, 


The nail was not removed but its gliding was stopped 
ey applying an clastic wire fixed in the plaster eccst, 
Mercover the ends of the bone were pressed against each 
other by rubber strips which bridged over a circular cleft 
cut into the plaster (1I11,3), 


All the wounds closed except a fistula at.the place 
where the nail was projecting like 2 drain, 4 months 
afterwards the humerus showed bony union, 


Illustration Illustration 
20 a inter A 
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Illustration 2¢ Illustration 24 


Tllustration 3 


Supvurating pscudarthrosis 
with nail in sosition and 
additional plaster-dresésing 
with rubbcr strips, 


This caso shows clearly thats fracture rcsistcnt to union 


for a long time may hcal finally_if_only the absolutely 

necessary conditions are .rcealizged noamely: 
Impossibility_of any movcrment_ in the fracture no matter 

how serious an inflammation’ may take vlace in th: eavity 

of the bone during the whole tine, 


This led to the idea of transferring the contracting 
elemcnts directly into the bone, : 


At first I used only a simple wire but the first cases 
proved it to be insufficient, <A small area of the ends of 
the bone will be digested by the supouration and the cleft 
thus brought into existence is wide cnough to impede bony 
union, 


Moreoever the thin wire cuts through’ the tone with 
its curved ends fastened in the corticalis, Therefore, I an 
now using ‘a spiral soring made of steel which is anchored 
in the corticalis of both fragments by means of broad hooks, 


(11,4) 


Illustration 4 
Medullary spiral 
spring with hooks 
to be f2stened 
in the .corticaise 


This is the place to describe how to treate the usual 
and favorably situated pseudarthrosis of thé uvder arn, 
The psecudarthrosis is located in the middle third of the 
humerus. The ends of the bone are prepared as mentioned 
in the beginning(I1l1l. 1). 


Because separating the periosteum from the bone at 
any place is strictly to be avoided, the periosteun must 
be severed with a scalpel from the surrounding cicatrical 
tissve round one half of the circumference (Ill, 5a), 


This is absolutely necessary because the pseudarthrosis 
after being cut through with a scalpel must be brokcn in a 
right angle direction and in this moment the periosteum ad- 
herent to thesdarred tissue likely will be stripped fron 
the Bone {111, 5d), ; 


| 


*Visistration  §.. 


Course of resection of the pseudarthrosis, 

a. line of incision 

b, oblicue freshening of the 
ends of the fragments 

¢. opening both marrow rooms 

d,. bone prevared for the ine 
troduction of the spring and 
the nail, 

Periosteum shown in’ black, 


Now it is quite vossible to prepare the ends of the 
fragments with a rongeur (LUER). Here it is best to level 
both ends as this proved to be the most favorable condition 
for the union to take place (I11, 5c), Both marrow cavities 
are opened sufficiently wide with a, dril' in order to 
restore the original cavity of the bone (Ill, 5d). More 
distant from the fracture this cavity must be opened in 
each fragment by a lateral hole, The wire of the 
spring is pulled through the proximal fragment in the direc™ 
tion from above to below, Another wire doubled to a loop is 
introduced from the distal hole near the elbow in the 
opposite direction (Ill, 6a). 


Tllustration 6 


Introduction of the spring 

a. In the upper fragment 
the wire of the .spring 
is introduced ready to 
be attached to the wire 
loop put through the 

“aistal tfrarnent, 
b. Spring in position 


By means of the distal wire which is fastened to the 
proximal one bearing the spring it is possible to pull the 
latter through the marrow-cavity of thé cistal fragment 
CE1L14:: 6b) ; 


Now the nail may be introduced fror, the proximal frag-= 
ment, The open side of the curved nail should it the same 
time be the concave one as it. is necessary to have the 
spring gliding in the cavity of the mail, Othérwise it may 
oceur thet mail and spring will not have room enough in the 
Gavity of the bone, After the fragments are driven t= 
geth-r with the nail inside,’the spring must be stretched 
end the end of the\wire fastened at the distal hook. 


All wounds are left open. The operation is concluded, 


Another way of proccedinge is necessary when the pseu- 
darthrosis is situated far proximal near the caput humeri, 
There we have only a very thin corticalis and we must 
distribute the power of traction of the stretched spring 
to several places, 


We do not use one but several hooks (two or three) which 
are fastened to different voarts of the corticalis, The power 
of the spring is distributed|\to the several hooks by means 
of ome piace of soft flexible wire drawn through each hook 
and through the single ear on the spring. In the distal 
fragment also in these cases one hock is sufficient but the 
nail has to be introduced from the distal part, It has 
prevced to be most cfficient to introduce the nail and the 
Spring from two different holes since the cavity of the bone 
is too small to give room enough for both on one place, 

/ 

In such cases it is possible to »ring-the idea of 
net manipulating the cxterior of the bone to its climax, 

The holes for the hooks in the upper fracment actually 
situated close to the fracture must be drilled from the 
inside of the bone. This is possible because the dioaneter 
of the cavity is rather large there, The hooks too may 

be introduced from the inside, 


~ 


hg ane 


Illustration 8 


Resected pseudarthrosis near 
caput humeri, The spring is 
fastened in the corticalis 
of the upper fragment with 
three hooks, 


Tllustration 7 


Gase 10, (see table 2) 
State after the operation 
of a fistulating pseu- 
darthrosis of the voper 
Irm, 
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Illustration 9a 


LTllustration 9b Tllustration 9e 
Condition after operation 
on 1.%.46 spring and nail Bony union achieved, 


in position, 


“~~ 


[In fact this no longer means nailing in its original 
sense. The >»bone has grown brittle by the supouration, It 
is absolutely necessary that all the holes and cavities ) 
in the bone prepared are properly fitted to the nail, the 
Spring and the hooks. This may rather be called (montage) 
plastic restoration, 


Therefore and in consideration of the fact thet healing 
of a pseudarthrosis of the upper arm is difficult to obtain, 
I think it most commendable to sunoort the healing by an 
additional plaster cast in abduction, 


Of course each case has its peculiaritics as the follow-~ 
ing example will show, It is not alw:ys possible or necessary | 
to bevel the bone ends, Sciagraph picture lo shows a pseu- d 
darthrosis with a far greater diameter of the uvper frag- | 
ment than of the lower one due to four antecedent operrtions 
with resection, Therefore it s-emed to fit the lower frag- 
ment into the upper one, 


Another case of pseudarthrosis wat characterized bv 
a thinning out’ of the proximal frarment whilst the distal | 
fragment was split up like a fork, : 


Here the upper fragment was fitted irto th> lower one 
after freshening only the surfaces which were to be brought 
into a»vposition, 


Sciagraph picture 12 shows a loss of substance of fore 
than 10 centimeters, Therefore an autoplastic chip of bone 
was implanted and the pseudarthrosis was nailed, The chip 
did not heal in\iand therefore further shortening of the arm 
became necessary. Bony union was obtained by applving nail 
and spring, 


filustration 1L0¢e 
Case 13) (see table ZT) 


a-c 56 months old oseu- 
darthrosis after) threes Se 
operations: wire 
cerclage, nriling ith 
bone-chip and nailing, 
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Illustration 1@b 


Illustration 10d+ 


Tljlustration 10¢ 
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pay ye 
‘llustr2tion 16d 
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he ends of the frag- 


ents are not freshened 
blicuely but are fitted 
nto each other, 


Illustration 104. Illustration 1@e 


Pseudarthrosis healed one 
hook embedded in bone, 


In the case of picture 13 a scparation of the bones 
by means of a simple wire in ofdition to, the nail was tried in 
vain, | 


Up until now I have operated 17 patients in this manner, — 
The importance of this new way of curing the pseudarthrosis of | 
the upper arm is shown by the fact thit in all cases bony © Baa 
union was achieved, How much it voroved to be heneficiel tone 
the bone is shown by the fact that we did not observe secucstra 
in any case. The size,of the callus will devend on the 
amount of trauma to the periosteum and on the amount of 
displacement and of motion during the process of revair, 
All the latest cases oporated carefully with technical 
exactness are showing effeetive bony union without the. develop 
ment of the least callus tunor de Bs 58 | 


The following table gives a survey: 


Healed after See 


eae “Blk A ina is ta a ees a 
Name and ag@ Previous , raterval Pp i - ‘Blortening pier om 
of the | operations |Petween, | = final operation. the upper4 Soft tissue Removal of | | 
; per: i ry & Te Ppp ; 
pati 4 teil _— “aa wounds Bone nail after | Remarks | 
‘pevten | final Condition Date a | | 
Lt pike ie be 0 RD ca ——-  F | 
Sie, none 4 weeks suppers bi ta 5. ue 3 10 months | . 
ure wi oss of su 
; | 42 “Sirah . stance gen aaaee ~ Boia centimeters months | 
) a; ' : 
B 2 | none 2 months | septic state, shot- Bets meter Als wo come 33 months + Sudeck atrophy 
. 24 years fracture in the middle . | months | 
7 2 |R.y Otto nailing near the elbow, nail ctor Sune | - é months — - 
: 35 years 2 in position,suppurat, 2 small fist, | months 
: ae longitucinal separat, 
: dismissed | - 
4 4G., Walter none 6 months figkulating pseudarth, | 3$4months except; 2 Per cae 
 * 29 years | with loss of substance centimeter | 1 small fist, {| months ; | 
‘ | ne in posit, # 
) h the lower third, mn pe * | 
5 23 months|,fistulatine vnseudarth- ‘ 5 months except | 9 months. , a 
A 6 K,,Franz 4 months | fistulating pseudarthe | iyi paralysis of. 
‘ *39 years | with aeonaet run in the centimeter 2 months exeepe 3 . 8 months :Nervus racial 
a ae lower third, i 2 small fist, } months. | after. iniv 
: 7 |K,,Franz nailing and seovtic,state,supour, e : é i i-par, of N,vagas 
, 32 years | wire suture |5 months | pseudarthrgnear theel- centimeter 1 month except , Oe. months after injury 
ie bow,nailin position — a a LLSts | months 
8 | : ae ean any | ie f, Norad 
Be, : ; fistulating vseudarthr /par, of Nerad, 
8 iP, = at nailing 18 months WHET GCheEaubab ano , | centimeter 2 months 3 7 months after injury 
: 22 years nail in position, _ months ) 
4 middle of the humerus ERIE EON Re ais SR Aba. : 
ee | nail in. postition...” , 4 - ‘ 
eu of bone-chip &|14 months| wounds recently closed. hal ide Pacis V mentee. 4 
b. 2 IE. eens aaa sai Pe 8 i bitte i : 
5 . ean bas . pie ia, f N, rads 
 1e|K,,Werner none 12 months| fistvlating osevudarthr, : | b imonthe. ieee 
se spi eacee in the lower %bhird centimeter 4 months Hans | after injury 
a 15 months fistvlating pseudarthr, ae | | | | par. of N, rad; 
| with less of snbstance 6 —% centimeter 7 weeks 3 > months | after injury 
} noar the caput humeri oe months 


pseudarthrosis with 
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loss of substance in centimeter > ORG he | a 
¥ the upper third Ley ; 
Pseud,near caput hum, th } | 
nail in vosition iiss eeu ae -~ 
wounds closed .--. months , 
qi fistulat,pseud,wit . i 
aS seg,in the upper third weeks 6 months 
a l re as ELS Sr Li pee Sein: HOS Pattee eee oe 
—-16|K,,Heinz nailing & ; | ) | 
= ne S . St 6 weeks excep onths 
— {| 30 years | spring = mae est imete one small fist.) ‘onthe 7 mo 2 
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Case 4 (see table #1) here 
too the ends of the fragments 
are not freshened oblicuely 


but are fitted into ent¢h other, 


Illustration 12 


ae 6 months old pseu- 
darthrosis of the upper 
arm with great loss 
of substance, 

b. state after nailing 
and implanting of a 
bone-chip vithout 
success, 


TilLuetration i2 . 
cé&d 
ec, Nail and spring in position 
d. Bony union after 3 months 
. removal ‘of the nail after 
7 months, 


The small fistulae often remainine as long as the 
nail is in position, all close without exception as soon as 
the nail is removed, 
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Illustration 13a 
Case 8 (see table 1) 
Gun-shot fracture pseu- 
darthrosis with loss of 
substance, 
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Nail and spring in position bony 


2 
union 


after 3 


months, 


Tlilustration 134 


Removal of nail and spring 
after 7 months, 


Illustration 14 


ar tes 


Seanty development of callus with effective bony union 
after proper resection of the pseudarthrosis 3 months 
previously, 


- 16 - | a 


The Pseudarthrosis of the Forearm, i 


The same principle is applied to the pseudarthrosis 
of the forearm, whether one or two bones be injured, The Wy: 
healing of this pseudarthrosis is obtained by other methods 
with certainty but very often they need a long period of 
treatment, In many of these) cases the nailing has not 
proved to be efficient, The tendency to form callus in 
these bones is but slight and if there is a gap between 
the fragments of the suppursting fracture it will be found 
very often that though the bone is well stabilized by the 
nail nevertheless it is not able to produce a bony union, Pu: 
Here too we can interrupt the long period of treatment | = 
at an carly stage by operating upon tho pscudarthrosis using a. 
the same method as described for the upper arm, ; 


The pseudarthroses of the forearm show many varicties 
dependent on their loeation, 


The operation is more difficult than on the voper arm 
since we have bones united by the membrana interossea which 
renders the preparation of the ends of the fraements more 
difficult, Were it is of greatest importance to do no 
damage to the periostcum in order to avoid the danger of 
the development of a ring-shaped secucstrum or of a bridge 
callus. It is absolutely necessary to shorten both bones 
cerrespondingly. The medul'ary cavity in most cascs is 
rathcr narrow and filled up with dense osseous tissue in | | 
the neighborhood of the fracture, Thus the bed for the nail | 
and the spring must be prepared with the greatest care, ae 
Therefore we use a "marrow-drill", Many technical resources * 
may be required in order to guarantce the uncomplicated cone - 
duct of tho-operation, This is not the place, to describe all 3 
these in details, Only’ one bone, namely the ulna is treated 5: 
with the spiral spring, This has proved to be sufficient, 


Moreover the radius is not well suited for the fasten- 
ing by the spring. In the ulna it can be attached to the 
proximal end of the nail, The ulna-nail is flared at its 
proximal end for several reasons? 


1. Small diameter. nails have proven not be firm 
enough as we learned from numerous cases which have been 


published, the simple nail for the forearm having broken ye 
or bent, , ; ie 
a There must. be room enough for the soring in the 


cavity of the nail, 

De The increasing thickness of thc nail towards its | 
proximal end prevents it being drawn in the distal diregtion 
by the power of the spring, 


. va 
The wire of the spring is fastened to the distal frag = aft 
ment in the usual way but distal to the point of the nail \ ae 
because there is not room enough for both hook and nail at! 
the same place, The arrangement of the nail and tho spring 
may be seen in Ill, 15, 


Tllustration 15 


Position of nail and spring in 


Illustration 16d 


State after freshening 
of the pseudarthrosis 

and shortening of the 

ulna (Feb, 46). Both 

bones are nailed, Bony 
union is not achieved, 
Pseudarthrosis of the 

ulna, 


the ulna, 


Tllustration 16 a 
Lee 
Comminutedc gsun-shot frac- 
ture of the rodius: (March 
1945) with failure of bony 
union, 
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Illustration 16 e 


Healed 
after 8 


spring 
a . 
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moved ° 
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Ne, 
eer 


Interval be=| 
tween injury: Final Ovnerati 
jand final . 


Removal of 
rtening | the nail 
i after: Remarks 


| Name and age | Previous operation e s i | i 
of the pati=::operations | Condition ah PAPAS chip 
2 aes | 
|} Z,.,Julius nailing | 11 months {recently ; 
tame a6 healed fist- 3 months. 
ei lula 


2|M.,Heinz 


pseudarthrosis : | ~ ie 
23 years 12 months jof radius and 5 months : 
. Hildegard 8% months fistulating - 
20 years pseud.of radi- 
‘ us and ulna 
fistulating Enna: vi 
oy Geths pseudarthros, 
ee | of the ulna 3 
5(M., Paul Lane-plates’ 16 months |\®scudarthrosis 5 ae pee 
i ae (radius)& | of radius and | | pea Saas 
. chip of | ulna } Se ee 
bone trans- ; a ih Sete te 
planted 
Bacher ulna oes 
. Walter Pa fistulating 
~ 31 years 25 months pseudarthrosig 
Re tae wares ;of radius and 
ulna, re 


New joint of 
radius and ul- 
na near the 
wrist 


16 months 


in Tracius 
and ulna, 
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_ I have operated upon five cases with the marrow spr 
All cases had previously been treated with the nail but t 
pseudathroses had not been cured, By means of the spring 
bony union was achieved without exception, 1 a ee 


The following table gives a survey, 
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